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ERRATA
Reguiatory Guide 3.51, March 1987

CALCULATIONAL MODELS FOR ESTIMATING RADIATION DOSES TO MAN
FROM AIRBORNE RADIOACTIVE MATERIALS RESULTING FROM URANIUM MILLING OPERATIONS

Table 3, "Inhalation Dose Conversion Factors," on page 31 of this guide
has the follewing typographical errors:

-Ii

Under "Uranium Ore Dust," the 235“ bone dose value in the second row
of the first column should read 7.29E+0) instead of 7.92E+0].

Under "Coarse Tailings Particulates," the, first vajue for 226Ra for
the whole body dose should read 3.90E+01 instead of 4.90E+01.
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A. INTRODUCTION

The NRC staff is required to make analyses of radiation doses te the public,
or individual members thereof, resulting from the radioactive effluents from
uranium mills for the following purposes:

1. Evaluating compliance with 40 CFR Part 190, "Environmental Radiation
Protection Standards for Nuclear Power Operations,”

2. Evaluating compliance with the "as low as is reasonably achievable"
(ALARA) criterion embodied in 10 CFR Part 20, "Standards for Pretection Against
Radiation,” and

3. Evaluating overall radiological impact as part of the complete environ-
mental impact assessment required by the National Environmental Policy Act (NEPA)
of 1969 (Public Law 91-190, B3 Stat. 852).

This regulatory guide describes basic features of calculational models
used by the NRC staff for such evaluations and suggests values for various
parameters used in the estimation of radiation doses to man from uranium
milling operations. Specifically, this guide addresses the calculation of
radiation doses to man from previously estimated environmental radqigactivity
concentrations in air. The environmental radicactivity concentrations in air
required for this calculation result from extensive and detailed analyses of
effluent release rates and atmospheric dispersion phenomena.

information on the approach used for estimating source terms is included
in the Final Generic Environmental Impact Statement on Uranium Milling,
NUREG-0706 (Ref. 1). The methodclogy used by the staff for calculating
atmospheric dispersion is documented in the MILDOS code user's manual,
NUREG/CR-2011 (Ref. 2).

B. DISCUSSION

This guide describes models used by the NRC staff to estimate the radio-
logical impacts resulting from uranium mills for the purpose of evaluating
compliance with 40 CFR Part 190 and 10 CFR Part 20 and of assessing overall
environmental radiological impacts in accordance with NEPA.
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1. URANIUM MILL SOURCE TERMS

A uranium mill, unlike other types of fuel cycle facilities, goes through
phases in its life cycle in which both the composition and the magnitude of
its radjoactive emissions (and associated impacts) vary greatly. For this
reason, the MRC staff will perferm impact evaluations for each individual mill
at different phases of its existence. The three principal uranium mill life-
cycle phases discussed in this guide are (1) operational {milling), (2} tailings
pile drying and stabilization, and (3) reclamation.

Typically, a uranium mi1l will operate for a peried of years during which
there will be radon and particulate releases from the ore storage pile, the
mill itself, and the tailings disposal area. During this operational peried,
both particulate and radon releases from the tailings pile may be somewhat
curtailed by maintaining the pile at least partially under water. Mechanical
sprinkler systems or chemical stabilizing agents may also be used to inhibit
the suspension in air of radicactive tailings dust by the wind,

When actual milling ceases, the tailings pile is normally allewed to dry
by natural evaporation until it is ready for stabilization. When the tailings
are wet, there are essentially no particulate releases from the tailings pile.
However, as the tailings pile dries, releases of radon and particulates from
this source may increase, reaching their maximum prior to implementation of
measures required to achieve long-term stabilization. After stabilization and
reclamation of the tailings area, there should be no further radicactive
particulate releases. However, small guantities of radon may continue to
diffuse upward from the tailings and may be released to the atmosphere.
These continuing radon releases, though small, are 1ikely to persist for
tens of thousands of years.

Depending on the specific details of the site, facility, effluent contrels,
and stabilization program, maximum individual particulate exposure could occur
either during the last year of actual milling or the last year prior to stabili-
zation of the tailings. Maximum individual doses due to radon releases are
likely to occur during the last year prior to stabilization. .

The radioactive isotopes comprising uranium mill radiocactivity releases
are mostly those belonging to the 238U and 235U decay series. The 235U series
radionuclides amount to Tess than 5 percent of total releases and are routinely
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disregarded because of their insignificant contribution to overall radiclogical
impact.

2. CRITICAL EXPOSURE PATHWAYS

Three exposure pathways of concern for airborne releases from uranium mills
are (1) inhalation of airborne radicactive material, (2) ingestion of vegetable
and animal products contaminated via deposition, and {3) direct external exposure
to radiation emitted by airborne activity and activity deposited on ground
surfaces. Liquid exposure pathways are not usually of concern because there
are usually no discharges to surface water of liquid effluents. Ligquid pathways
may exist, however, and methodology similar to that used in Regulatory
Guide 1.109, "Calculatien of Annual Doses to Man from Routine Releases of
Reactor Effluents for the Purpose of Evaluating Compliance with 10 CFR Part 50,
Appendix I," should be used for evaluating fntakes via the liquid pathway.
However, ingestion dose factors from Table 6 should be used in converting
intakes to doses.

A1l individual exposure pathways of significance will be evaluated at loca-
tions where the exposure pathway and a dose receptor actually exist at the time
the analysis is made., Also, the applicant may take into account any real
phenomena or actual exposure conditions that may be present. Such conditions
could include actual values for agricultural productivity, dietary habits and
food sources, occupancy times, measured environmental transpert facters, or
similar values determined for a specific site. However, if the analysis is
based on existing conditions and if potential changes in land use and food
pathways could result in significantly higher exposures, the applicant should
provide reasonable assurance that a monitoring and surveillance program will
be perfeormed on & regular and continuing basis to determine if such changes
have eccurred.

3.  REQUIRED DOSE ESTIMATES

3.1 Individual Doses

Evaluations of the dose received by an exposed individual are made to
satisfy the regquirements of both 40 CFR Part 190 and 10 CFR Part 20. The
Environmental Protection Agency (EPA) regulation, 40 CFR Part 190, speaks to
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individual radiation doses from all pathways and all nuclear power and fuel
tycle facilities combined, except that exposure from radon and its daughters
need not be included. The NRC regulation, 10 CFR Part 20, includes a reguire-
ment to keep all radiation exposures "as low as is reasonably achievable" (ALARA).
ALARA is a general concept that has not to date been interpreted in the form

of numerical design objectives for uranium mills as it has been for light-water-
cooled nuclear reactors (see Appendix I, "Numerical Guides for Design Objectives
and Limiting Conditions for Operation to Meet the Criteria 'As Low As Is Reason-
ably Achievable' for Radicactive Material in Light-Water-Cooled Nuclear Power
Reactor Effluents," to 10 CFR Part 50, "Domestic Licensing of Production and
Utilization Facilities"). However, a case-by-case evaluation will be made to
ensure that doses are kept as low as is reasonably achievable. ALARA evaluations
will address all releases, including radon and its daughters, and will consider
popuiation doses as well as individual doses.

For the purpese of evaluating compliance with 40 CFR Part 190, the whole
body and organ doses to any individual for all pathways combined and from all
activity releases except radon and its daughters are evaluated for (1) the
last year of actual mill operation and (2) the last year prior to tailings
pile reclamation. These evaluations are adequate for assessing ALARA compliance
except that exposure to radon and its daughters should be included and radon
and daughter exposure for the first year after tailings pile reclamation shouid
also be evaluated. Postreclamation exposure to radon and its daughters should
be evaluated at the location of greatest radon concentration where unrestricted
land use after mi1l decommissioning may be permitted.

Exposed individuals are characterized by food consumption, occupancy, and
other uses of the region in the vicinity of the mill site. A1 physiological
and metabolic parameters for the exposed individuals are assumed to have those
characteristics that represent the averages for the various age aroups in the
general population. Although specific individuals will almost certainly display
dietary, recreational, and other living habits considerably different from those
suggested here and actual physiological and metabolic parameters may vary
considerably, the NRC staff considers the use of these reference values to be
acceptable because the actual physiclogical and metabolic characteristics of
specific individuals cannot usually be determined. Applicants are encouraged
to use information and data applicabie to a specific region or site when possible.
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When site-specific information and data are used, their origin or derivation
should be documented for the NRC staff's review.

In this guide, the term "dose" is used instead of the more precise term
"dose equivalent." When applied to the evaluation of internal deposition of
radioactivity, the term "dose," as used here, includes the prospective dose
component arising from retention in the body beyond the period of environmental
exposure, i.e., the committed dose equivalent. The committed dose equivalent
is evaluated over a period of 50 years.

The committed dose equivalent per unit intake, either by inhalation or
ingestion, usually varies by age as well as by organ. For the purpose of
calculating collective (population) doses, the population has been assumed to
be cemposed of four age groups: dinfants (0 to 1 year), children {1 to 11 years),
teenagers (11 te 17 years), and adults (17 years and older). Four sets of
ingestion-dose conversion factors are presented in this guide, one for each of
these four age groups. Available datz are not sufficient to permit the
calculation of age-specific dose conversion factors for inhalation exposure,
and adult dose conversion factors are assumed to apply for all age groups for
this exposure pathway.

3.2 Population Doses

Evaluations of population doses resulting from uranium milling operations
are required to satisfy NEPA requirements for assessing the total eavironmental
impact associated with the operation of each facility. Calculated estimates
of resulting pepulation doses therefore need to reflect, insofar as practicable,
the overall radiological impact of each uranium mill over the duration of its
existence.

For a typical uranium mill, the total radiolegical impact is composed of
the impacts of the three major phases of its existence: the operational phase,
the prereclamation phase, and the postreclamation phase. The first two phases
may involve substantial releases of radon gas and particulates but are of
relatively short duration. The postreclamation phase involves only small
releases of radon, but these releases may persist for periods of tens of
thousands of years. For each phase, the average annual radiological impact
will be estimated by the NRC staff using the following basic procedure:
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1. Annual average releases over the duration of the particular mill phase
will be estimated for each radionuciide.

2. The radiological impact resulting from 1 year of average releases
will be evaluated in terms of population dose using the EPA concept of “environ-
mental dose commitment” (Ref. 3). The environmenta)l dose commitment will be
evaluated for a period of 100 years foflﬂwing rejease as per the procedure
used by EPA in setting the standards in 40 CFR Part 190.

The total dose commitments for the operational and preretlénatiun phases will
be calculated by multiplying the annual population dose commitments by the number
of years the mill is expected to be in each phase. The sum of these two products
represents an approximation of the combined radiological impact of the facility
prior to tailings pile reclamation. The annual population dose commitments
from postreclamation radon releases are also calculated and represent the
continuously recurring impact of this residual activity source.

Consideration of particulate releases will generally be limited geograph-
ically to the area within 80 km (50 mi) of the mi1l site. Within this area,
exposure pathways requiring assessment include all those considered in the
evaluation of maximum individual exposure. Outside the 80-km (50-mi) radius,
only radon and daughters require consideration and these are treated separately
from particulate releases (see Regulatery Position 3.2).

-

4, USE OF THIS GUIDE

Present NRC staff practice with regard to the calculation of radicactive
emission rates from uranium milling facilities involves the characterization
of such releases by radionuclide, particle size, and density (Ref. 1). The
data required as input for use of the calculational models described in this
guide consist of annual average air concentrations resulting directly from
such releases at specific locations {not including resuspended air concentra-
tions of radioactive materials previously deposited on ground surfaces). The
required input air concentrations for a particular location are denoted in
this guide by the symbol Eadip (in pCi/m®), where the subscripts indicate air
concentration (a), direct (d)}, radionuclide (i), and particle size (p). Direct
air concentrations required are those for values of the subscripts i and p as
identified and defined in Table 1.
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The primary calculational tool employed by the staff in performing radi-
ological impact evaluations of uranium miiling cperations is the MILDDS code
(Ref. 2), a modified version of the Argonne Mational Laboratory Uranium Disper-
sion and Dosimetry (UDAD) Code {Ref. 4). As used by the MRC staff, the MILDOS
code has only five primary radionuclides in the 238l decay chain that are
treated explicitly as source terms. These radionuclides are 238y, 2307h 226pa
210ph . and 222Rn. Release rates for these radionuclides are required for each
potential onsite source (for particle sizes 1 through 4 in Jable 1). For 222pp
daughters, which grow in during transport of £22Rn from the site, the resulting
ingrowth concentrations (particle size 5 in Table 1) are also required. These
222pn daughters include 218pg, 214pph, 214, 210ph  and 21%Po. The dosimetry
model accounts for releases and ingrowth of other radionuclides, using
assumptions of secular equilibrium.

Appendix A identifies and describes the various other site-specific
information and data routinely used by the NRC staff in performing radiolegical
impact assessments for uranium miliing facilities. Appendix B provides a more
detailed discussion of the method used in this guide for calculating environ-
mental dose commitments. Appendix C provides a detailed explanation of the
derivation of the radon dose conversion factor used in this guide.

C. REGULATORY PDSITION

Equations and other data by which the NRC staff will estimate radiation
exposure for individuals and the population in general from wranium mills are
presented below. These eguations are appropriate for the exposure pathways
that the staff routinely considers in its evaluvations. In addition, other
pathways that may be present because of unigue conditions at a specific site
should be considered if they are 1ikely to provide a significant contribution
to total dose. A pathway is considered significant if a conservative evaluation
yields an additional dose increment cf more than 10 percent of the total from
all other pathways considered in this guide.

1.  CONCENTRATIONS IN EMVIROMMENTAL MEDIA

As discussed in Section B.4, annual average direct air concentrations are
required as input data for use in the equations that follow. These equations



yield resulting concentrations in environmental media of interest, including
total ground surface concentrations, air concentrations, and concentraticns in
edible vegetation, meat, and milk. These concentration calculations are
explicitly performed only for certain radicnuclides of the 238)) decay chain.
Concentrations in environmental media of other radionuclides of the chain are
inferred from those for which concentrations are explicitly calculated.

The basic calculational procedure first involves treatment of the direct
air concentrations to obtain ground surface concentrations and resuspended air
concentrations. Resuspension of radioactive materials depesited on ground
surfaces is not treated as a loss mechanism for ground concentrations. For
this reason, deposition of resuspended air concentrations onto ground surfaces
is not considered. Resuspended particulate concentrations in air are added to
the airborne concentrations arising directly from the source to obtain total
air concentrations. The calculated total air concentrations are then used to
obtain total depesition rates onto vegetation (resuspension losses of activity
deposited on vegetation are assumed to be accounted for by the application of
a weathering half=1ife). Total deposition rates and ground concentrations are
used to compute concentrations in various vegetation types, including hay and
forage. Radionuclide concentrations in hay and animal forage are initial
inputs for the calculation of radicnuciide concentratiens in meat and milk
ingested by man. This basic calculational process, the resulting environmental
media concentrations, and the exposure pathways for which they are used are
indicated schematically in Figure 1.

1.1 Radionuclide Accumulation on the Ground

Radionuclide ground concentrations are computed from the calculated
airborne particulate concentrations arising directly from onsite sources (not
including air concentrations resulting from resuspension). Resuspended
particulate concentrations are not considered for evaluating ground concen-
trations. The direct deposition rate of radionuclide i is caiculated, using
the following relationship:

]

-
Dgi = 2.« Cadip'p (1
p
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RN
C.ai is the calculated direct air concentration of radionuclide i in
P particle size p in pCi/m3;
Dys is the resulting direct deposition rate of radionuclide i
in pCi/m? per sec; and
v {s the deposition velocity of particle size p in m/sec (see
P Table 1).
The concentration of radionuclide i on a ground surface due to constant
deposition at the rate ndi over time interval t is obtained from
1 - exp[~(A, + A_)t]
Coi (1) = Dyg e 2
i e
where
c 1[t.} is the calculated gruund surface concentration of radionuclide i
) g at time t in pCi/m*;
Nz t j5 the time interval over which deposition has occurred in sec;
A is the assumed rate constant for environmental loss in sec-?;
and

; is the radicactive decay constant* for radionuciide i in
sec-1,

The environmental loss constant he corresponds to an assumed half-time
for Joss of environmental availability of 50 years (Ref. 1). This parameter
accounts for downward migration in soil and loss of availability due to
chemical binding. It is assumed to apply to all radionuclides deposited on
the ground.

-
. Radielogical decay constants employed by the NRC staff are chtained from
data given in Reference 5.
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Ground concentrations are explicitly computed only for 238y, 2307, 226p,
and 21%b. For all other radionuclides, the ground concentration is assumed
equal to that of the first parent radionuclide for which the ground concentra-
tien is explicitly calculated. For 219ph, ingrowth from deposited 22€Ra can be
significant. The concentration of 210Pb on the ground due to 228Ra deposition
is calculated by the staff, using the standard Bateman equation and jgnoring
the very-short-lived daughter radionuclides. This is equivalent to assuming
that 228Ra decays directly to 2!9Pb, Using i = 6 for 226Ra and § = 12 for
210ph (see Table 1), the following equation is obtained:

D =A%t =A%t ~A¥ t

MaPds |1 - e M2t | M - M
C_.,(Pb + Ra) = ~=5— = + ¥ — (3)
gl2 Ag Mo * " M2

where

Eglszh < Ra} 1is the incremental 219ph ground concentration resulting

from 226Ra deposition in pCi/m2; and
1; is the effective rate constant for loss by radicactive

decay and migration of a ground-deposited radionuclide
and is equal to Ap * Ag in sec-1,

1.2 Total Air Concentrations

For use of the models described in this guide, air concentrations arising
directly from onsite sources are reguired for each receptor location as a
function of particle size (for particulates). Direct air concentrations
are assumed to include the effects of depletion by deposition {particulates)
or ingrowth and decay in transit (for radon and its daughters). In order
to compute inhalation doses, the total air concentration of each radionuclide
at each location (as a function of particle size) is computed as the sum of
the direct air concentration and the resuspended air concentration:

naip{t] = cadip * carip{t} (4)
where

is the calculated direct air concentration of radionuclide i
in particle size p in pCi/m3;

cadip

10



_ ’ cm. (L) is the calculated total air concentration of radionuciide 1
e P in particle size p at time t in pCi/m3®; and
L

is the calcuiated resuspended air concentration of radionu-

C. . (t)
arip clide i in particle size p at time t in pCi/m®.

The resuspended air concentration is computed using & time-dependent and
particie-size-dependent resuspension facter, which, for deposits of age t
years, is defined by

Ry(£) = (0.01/V )10-5 e 2R (for t < 1.82 yr) (5a)
Rp() = (0.01/V )10-° (for t > 1.82 yr) (5b)
where

R_({t) is the ratio of the resuspended air concentration to the ground
P concentration for a ground deposit of age t yr for particle
size p in m-1;

is the assumed decay constant of the resuspension factor
(eguivalent to a 50-day haif=1ife), 5.06 yr-i;

(9

0.01 is the deposition velocity for the particle size for which
the initfai resuspension factor value is 10-5/m in m/sec;

10-% is the initial value of the resuspension factor Tor particles
with a deposition velocity of 0.01 m/sec in m-2;

10-° is the terminal value of the resuspension factor for particles
with a deposition velocity of 0.01 m/sec in m=2; and

1.82 is the time required te reach the terminal resuspension factor
in yr.

The basic formulation of the above expression for the resuspension factor,
the initial and final values, and the assigned decay constant derive from
experimental observaticns (Ref. 1). The decrease with age primarily accounts
for agglomeration with other larger particies. The inverse relationship to
deposition velocity physically accounts for decreased resuspendibility of
larger particles; mathematically, it eliminates mass balance problems for
the 35-um particle size. EBased on this formulation, the resuspended air

C concentration is given by

11



1 - expl-(A% + Ap)(t - a)]
U'u? +Ag)

carip{t} = ﬂ.ﬂ]ﬂﬂdiplﬂ~5
EHP[‘l?{t - a)] - exp{-l%t}

+ 10-4 &(t) FE3
i

(3.156 x 107) (&)

where

a is equal to (t - 1.82) if t > 1.82 and is otherwise equal to
zero in yr;

&8(t) is zero if t < 1.82 and is unity otherwise, dimensionless;

1? is the effective removal constant for radionuclide i on soil
in yr=1; and

3.156 x 107 is the number of seconds per year.

Equation & yields the resuspended air concentration of radionuclide i
in particle size p because of deposition over time span t in years. Total
air concentrations are computed using Equations 6 and 4 (in that order) for
all particulates in particlie sizes 1 through 4 as given in Table 1. Particulate
daughters of 222Rn (particle size 5 in Table 1) are not assumed to be depleted
because of deposition and are also not assumed to resuspend.

1.3 Vegetation Concentrations

As illustrated in Figure 1, vegetation concentrations are derived from
ground concentrations and total deposition rates. Total deposition rates
are given by the following summation:

Di = E caip“p (73
P

where

0. is the total deposition rate, including deposition of resus-
pended activity, of radionuclide i in pCi/m? per sec.

12
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Concentrations of released particulate materials can be environmentally trans-
ferred to the edible portions of vegetabies or to hay or pasture grass con-
sumed by animals by two mechanisms--direct foliar retention and root uptake.
Five categories of vegetation are treated by the staff. They are edible
above~-ground vegetables, potatoes, other edfble below-ground vegetables,
pasture grass, and hay. Vegetation concentrations are computed using the
foilowing equation:

1- exp{-hutv} Bvi
C..=D.FE +C_ .~ (8)
vi irw TUAH gi p
where
t'!m,1 is the soil-to-plant transfer coefficient for radionuclide i

and vegetation type v (pCi/kg(wet) plant per pCi/kg{dry)} soil);

oy is the resulting concentration of radionuclide i in vegetation
v in pLi/kg(wet weight);

Ev is the fraction of the foliar deposition reaching edible por-
tions of vegetation v, dimensionless;
Fr is the fraction of the total deposition retained on plant

surfaces, 0.2, dimensionless;

p is the assumed soil areal density for surface mixing,
240 kg(dry weight)/m?; .

t is the assumed duration of exposure while vegetation v is
growing in sec; -

Y is the assumed yield density of vegetation v in kg{wet
weight)/m2; and

A is the decay constant accounting for weathering losses (egquivalent

to a 14-day half-l1ife), 5.73 x 10-7 sec-1.

The value of EIIIr is assumed to be 1.0 for all above-ground vegetation and 0.1
for all below-ground vegetables (Ref. 6). The value of t, is taken to be 60
days, except for pasture grass for which a value of 30 days is assumed. -The
yield density Yv is taken to be 2.0 kg/m®, except for pasture grass for which
a value of 0.75 kg/m?* is applied. Values of the soil-to-plant transfer
coefficients Bvi are provided in Table 2.

13
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1.4 Meat and Milk Concentrations

Radioactive materials can be deposited on grasses, hay, or silage that
are eaten by meat animals that are in turn eaten by man. The equation used
to estimate radionuclide concentrations in meat is

Coi = FpiCFpgCpgi * Frlhid &)
where
chi is the resulting average concentration of radionuclide i in
meat in pCi/kg;
chi is the concentration of radionuclide i in hay (or other stored
feed) in pCi/kg(wet weight):
Coai is the concentration of radionuclide i in pasture grass in
Pg pCi/kg(wet weight);
Fbi is the feed-to-meat transfer coefficient for radionuclide i
in pCifkq per pCifday ingested (see Table 2);
Fpg'Fh are the fractions of the total annual feed requirement assumed

to be satisfied by pasture grass or locally grown stored feed
(hay), respectively, dimensionliess; and

1] is the assumed feed ingestion rate, 50 kg(wet weight)/day
(Ref. 6). )

The equation used to estimate milk concentrations from cows ingesting
contaminated feed is

Cos = QFm.{Fpchgi * Flps)d (10)
- where
Coi is the resulting average concentration of radionuclide i in
milk in pCi/L; and
Fhi is the feed-to-milk transfer coefficient for radionuclide i

in pCi/L per pCi/day ingested (see Table 2}.

14
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1.5 Concentrations at Different Times

Maximum doses to individuals are calculated for the last year of mill
operation and for the last year prior to tailings pile reclamation. This
section explains the procedures used by the NRC staff to obtain annual average
envirenmental media concentrations for these years.

In order to estimate average environmental media concentrations during
the final year of actual mill operation, for an operational Tifetime of Tﬂ
years, the value of the time variable t appearing in Equations 2, 3, 4, and
6 is set equal to Tn {in appropriate units). The resulting concentration
values are those predicted for the end of the final year of operation and
are assumed to represent average values existing over that year.

Environmental concentrations existing during the fipal prereclamation
year result from postoperational releases and residual contamination due to
releases during the period of mill operation. Because direct air concentra-
tions from operational releases vanish, environmental concentrations due to
operational releases at the time of reclamation arise only from residual
ground and resuspended air concentrations. Ground concentrations at the
end of the milling period are calculated using Equations 2 and 3, with the
value of t set to To* the operational lifetime. Residual ground concentra-
tions at the end of the final prereclamation year are then determined by

CqiT) = Cg(TIep-A;(T] (11)

where

C 1(Td} is the residual ground concentration of radionuclide i resulting
g from operational releases at the end of the T, ,-year drying
period in pCi/m2; '
C i{To} is the ground concentration of radionuclide i at the time of
9 mill shutdown in pCi/m2; and

T js the duration of time required to dry the tailings pile

d prior to recliamation per yr.

Residual resuspended air concentrations resulting from operational releases
are determined at the end of the final prereclamation year by

15
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x
arip{Tg? = 0-01C ;4 ,10-% exp[~A (T )]

*
1 - exp(=A.T )
X 1 (3.156 x 107) (12)
A

where

cadi is the direct air concentration of radionuclide i in particle
P size p resulting from operational releases in pCi/m3; and

{Td} is the residual resuspended air concentration of radionuclide i
in particle size p resulting from operatiocnal releases at the
end of the T -year drying peried in pCi/m3.

carip

Ground and resuspended air concentrations resulting from postoperational
releases at the end of the final prereclamation year are calculated using Equa-
tions 2, 3, 4, and 6 with the value of t equal to Td' These concentrations are
then incremented by the residual concentrations due to operational releases.
These residual concentrations are calculated using Equations 11 and 12 te obtain
the required totals. Total air concentrations and concentrations in vegetation,
meat, and milk are then caleulated from the total ground and resuspended ajr
concentrations.

2. DOSE CALCULATIONS FOR INDIVIDUALS

Doses to individuals are calculated for inhalation, external exposure
to air and ground concentrations, and ingestion of vegetables, milk, and
meat. Internal doses are calculated using dose cenversion factors that yield
the 50-year committed dose equivalent, i.e., the entire dose received over
a period of 50 years following either inhalation or ingestion. The annual
doses are actually the 50-year committed dose equivalents resulting from a
1-year exposure period. The l-year exposure period is taken to be the year
when environmental concentrations resulting from plant operations are expected
to be at their highest level.

16
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2.1 Inhalation Doses

Inhalation doses are calculated from the total radionuclide concentration
in air, including resuspended material, The inhalation dose conversion factors
for radicaciive pariicuiaie materials used in this analysis are presenied in
Table 3. With the exception of the dose conversion factors presented for “mass
average lung," these dose conversion factors have been computed by Argonne
Natjonal Laboratory's UDAD computer code (Ref. 4) in accordance with the Task
Group Lung Model (TGLM) of the International Commission on Radiological Protec-
tion (Ref. 7). Dose conversion factors for the mass average lung have been
computed by mass-averaging the UDAD-calculated dose conversion factors for the
four regions of the TGLM: nasopharyngeal, trachecbronchial, pulmonary, and
lymph. Ordinarily, the dose computed specifically for the pulmonary region is
reported or presented as the "lung" dose, For the principal lung dose contribu-
tors (uranium and thorium), doses computed for the mass average lung are slightly
higher than those calculated for the pulmonary region. The net overall effect,
considering all radionuclides, is thus a slight increase in the reported lung dose.

In addition to the physical characteristics of the particulate matter
involved, use of the TGLM demands the assignment of a sclubility class, denoted
by Y (years, slowly soluble or insoluble), W (weeks, moderately soluble)}, or D
(days, guite soluble). Solubility classifications have been assigned on the
basis of experimental data reported and summarized by Kalkwarf in NUREG/CR-0530
{(Ref. B). These data indicate that thorium, iaaﬂ. and polonium are 100% class Y
in ore, yellowcake, or tailings dusts. Radium was determined to be best
characterized by the split-solubility classification 10% class D, 90% class Y.
Uranium in ore dust was determined te be 100% class W; uranium solubility for
tailings dusts was not analyzed and is assumed to be class Y. Data for uranium
in yellowcake were mixed and showed a pronounced dependence on the specific
source of the yellowcake sample. Results reported by Kalkwarf indicate a
split-solubility classification is appropriate, and on review of those results
{particularly those given on page 55 of Reference 8), the staff has assumed
uranium in yellowcake to be 50% class D and 50% class Y. The computed inhalation
dose conversion Tactors are given in Table 3.

Doses to the bronchial epithelium from 222Rn and short-lived daughters
are computed based on the assumption of indoor expesure with 100% eccupancy.

17



\) The dose conversion factor for bronchial epithelium exposure from 222Rn is
derived as follows (see Appendix C for detailed basis):
1. 1 pLi/m® 222Rn in outdoor air will yield an average indoor concentra-
tion of about 5 x 10-% Working Level (WL).*
2. Continuous exposure to 1 WL = 25 cumulative working-Tevel months
{WLM) per year.
3. 1 WLM = 5000 mrem (Ref. 9).

Therefore,
1 pCi/m® 222Rn x (5 x 10-© p—c'f?]*ﬁg} x (25 %}

x (5000 EEﬁE} = 0.625 mrem

and the 222Rp bronchial epithelium dose conversion factor is taken to be
0.625 mrem/yr per pCi/m3.

Inhalation doses are computed by the staff by use of the following
equation:

®

= C_. BCF; -
d;(inn) 12,, 21p0CF p(170) (13)
where
dj(inh} is the inhalation dose to organ j in mrem/yr; and
DEF{jp(inh) js the inhalation dose conversion factor for radionuclide i,

organ j, and particle size p in mrem/yr per pCi/md.

2.2 External Doses

External doses resulting from exposure to air and ground activity concen-
trations are computed, using the dose conversion factors presented in Table 4
and assuming 100 percent occupancy at a given location. Indoor exposure is
assumed to occur 14 hours per day at a dose rate of 70 percent of the outdoor

*nne WL concentration is defined as any combination of short-lived radioactive
decay products of 222Rn per liter of air that will release 1.3 x 105 MeV of
C alpha-particle energy during their radioactive decay to 21°Pb.
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dose rate, which is equivalent to a dose reduction factor for structural
shielding of 0.825. The following equation is used by the staff to calculate
external doses:

dj[ext} = 0.825 ;EaiDEFu[c'ld} + CgiDCFij{gnd} (14)

where

Cas is the total air concentration of radionuciide i in pCi/m®:

dj{ext} is the external dose to organ j in mrem/yr;

DEFi-(c1d} is the dose conversion factor for cloud exposuré from radio-
J nuclide i to organ j in mrem/yr per pCi/m®;

DEFij(gnd) is the dose conversion factor for ground exposure from radio-
nuclide i to organ j in mrem/yr per pCi/m%; and

0.825 is the effective reduction factor because of structural
shielding for indoor exposure periods.

2.3 Ingestion Doses

Ingestion doses are routinely calculated for ingestion of vegetables
and meat (beef, unprocessed pork, and lamb). Milk ingestion doses are also
computed if that pathway exists at the time ‘of licensing. Ingestion doses
are based on environmental concentrations established using Equations 8, 9,
and 10, ingestion rates given in Table 5, and dose conversion factors given
in Table 6. Ingestion doses from vegetable consumption are computed under
the assumption that an average of 50 percent of the initial activity will be
lost in food preparation (Ref. 6), usually invelving washing, peeling, boiling,
etc. The following equation is used to compute the amnual radionuclide
intake yia ingestion:

Lik = YnikCini * Ypilps * 05 ;”vkcwi (15)

where

Iik is the activity ingestion rate of radionuciide i by an
individual in age group k in pCi/yr;
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u k’ubk are milk {(in L/yr) and meat (in kg/yr)} ingestion rates for
m an individual in age group k;

is the ingestion rate of vegetable category v for age group

vk k in kg{wet weight)/yr; and

0.5 is the fraction of vegetable activity remaining after fopd
preparation, dimensionless.

Ingestion doses are then computed by
4y (ing) = ;likDCFi 51(1n9) (16)
where

d.k(ing) is the ingestion dose for ergan j of an individual in age
’ group k in mren/yr; and

nEFijkiing} is the ingestion dose conversion factor for radicnuciide i in

organ j of an individual in age group k in units of mrem/pCi
ingested.

2.4 Individual Dose Totals

Individual doses are calculated by the NRC staff for purposes of evalu-
ating compliance with 10 CFR Part 20 and 40 CFR Part 190. For evaluating
compiiance with 40 CFR Part 190, dose contributions from 222Rn and daughters

are excluded. Total doses to individuals are caiculated for both purposes
9§j"q FP“ fn1inwinq ????tf?ﬂ| which sums the dose contributions from inhala-

tion, external dose, and ingestion:
djk{tnt} = dj('inh} + dj{ext) + djk{ing} (17)
ﬁhere

d.k{tnt) iz the total dose to organ j of an individual in age group k
J from all exposure pathways in mrem/yr.

To evaluate compliance with 40 CFR Part 190, the staff will compute total

doses to appropriate individval receptors, using the above eguation and all
other models, data, and assumptions described in this guide, except that--

20



1. all dose contributions from radiation emitted by 222Rn, 21%¥po,
214ph 214B§, and 214Po will be excluded, and

2. all dose contributions from radiation emitted by 219pb, 210Bj,
and 21%Pg formed by decay of released ?22Rn will be excluded.

With reference to Table 1 of this guide, the dose contributions eliminated
for the purpose of evaluating compliance with 40 CFR Part 190 include thaose
due to any radiation emitted by (a) radionuclides for which i = 7, 8, 9,

10, or 11 and (b) radionuclides present in particle size category p =5
(radon daughters). The staff will add to dose totals computed for evaluating
compliance with 40 CFR Part 190 any known significant doses resulting frem
any other light-water-cooled nuclear power generating or fuel cycie facilities,
as appropriate (excluding doses from *22Rn and its daughters as stipulated
above and excluding doses from any radioactive materials released by nuclear
or other facilities or operations not included under 40 CFR Part 190).

3. POPULATION DOSE CALCULATIONS

Population doses are calculated, using the environmental dose commitment
concept with an integrating period of 100 years (Ref. 3). Under this approach,
radiological impacts for a given release of activity are integrated over a time
interval of 100 years following the release. The 100-year environmental dose
commitment resulting from average release ratés over a l-year period is computed
for (1) the period of actual uranium miiling and (2) the period of time after
the cessation of milling during which tailings are allowed to dry prior to final
stabilization and reclamation. The HRC staff's rationale for the selection
and use of a 100-year integrating period and the staff's technique for computing
environmental dose commitments are addressed in Appendix B to this guide.

Population doses resulting from particulate and radon releases are evalu-
ated over the general region of the facility site for the first two phases of
the mi1l life cycle: operational (miiling) and prereclamation. For these two
time intervals and for the postreclamation era, annual population dose commit-
ments resulting from transcontinental dispersion of 222Rn are also evaluated.
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.\) 3.1 Regional Population Doses

Population doses resulting from environmental radicactivity concentrations
in the region of the site are evaluated for all exposure pathways considered
in the evaluation of maximum individual deses; other pathways should also be
considerad if they are likely to result in an increase of more than 10 percent
to the total result. Regional population dose commitments are generally computed
on the basis of the population and agricultural productivity within a distance
of 80 km (50 mi). Individual localized population centers lying beyond this
distance should also be considered if their inclusion would increase the
population dose estimates by more than 10 percent.

3.1.1 Inhalation and External Doses

Inhalation and external doses are computed by the NRC staff, using the
jdentical models, equations, data, and assumptions as previously described
for individual dose calculations in Regulatory Pesitions 1 and 2 of this
guide. The procedure for calculating regional population doses from those
pathways is to (1) divide the geographical site region into segments by radius

\_) and direction, (2) establish average individual doses within each segment,
{3) muitiply these individual doses by the estimated population lying within
each segment, and (4) sum over all segments.

The population distribution required is that‘prnjected for the final
yane af mill nperatinn  Tha appranriata pnpnlatinn nprajertinon shanld he
presented for each segment formed by radii extending outward from the site
and bisecting the 16 compass directions (forming 22.5° sectors) and con-
centric circlies drawn at distances of 1, 2, 3, 4, 5, 10, 20, 30, 40, 50, 60,
70, and 80 km. The 13 circles and 16 radii then form a grid composed of 192
individual segments. Average doses over the population within each segment
are ‘computed by the HRC staff along the segment directional centerline at a
distance midway between the inner and outer boundaries of each annulus.

The population dose in the site region from inhalation and external
exposure pathways is computed by the staff using the following eguation:

HCinh + ext) = 10-3 ;lPﬁ[djS{inh} + dy (ext)] (18)
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where

djs{ext} is the average external dose to organ j in segment s in
mren/yr;

djs{inh} js the average inhalation dose to organ j in segment s in
mrem/yr;

M. {inh+ext) is the resulting population dose from inhalation and external
J exposure pathways in rem/yr;

P5 is the populatien residing in segment s; and

10-2 is the conversion factor from millirem to rem.

3.1.2 Food Ingestion Doses

Collective population doses from food ingestion are calculated on the
basis of the region's agricultural productivity rather than its population.
This §s because the total population dose frem food pathways is proportional
to the total quantity of radionuclides in all food produced in the region
rather than the number of FenPie eansEd. The model employed by the NRC
staff considers population doses resulting from radicactive contamination of
vegetable, meat, and milk products produced in the regien. For population dose
calculations, the vegetable category includes fruit and grain crops as well.
The procedure followed by the staff to compute food ingestion doses is similar
to that used for inhalation and external doses and is composed of the following
procedural steps:

1. The site region is divided into segments and each segment is assigned
a productivity rate for each food category (vegetables, meat, and milk in kg/yr
per km?);

2. The average activity concentrations for each food type are computed
and multiplied by the segment productivity factor and by the segmeni area;

3. Total activity content of the regicnal food production is then
determined by summing over the segments; and

4. Population doses are determined assuming that all food produced in
the region is consumed by a population with the same age distribution as the
U.S. population.

Agricultural productivity data reguireg Tor uUse in TN1s anaiysis are
generally available on a county-by-county basis for a relatively recent year.
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The available raw data should be projected forward in time to provide a
reasonable estimate of productivity during the final year of mill operation.
If other means are not available, the NRC staff considers it acceptable to
assume that regional agricultural productivity will remain in constant
proportion to the U.S. population. Should other site-specific data not be
available, the staff will rely on the statewide average productivity data
presented in Table 7. The following equation is used to obtain segment
average radionuclide concentrations in vegetables:

cuis"“g} = ; Hvstv‘ls (19)
where
C.: is the average concentration of radionuclide i in vegetable

type v produced in segment s in pCi/kg(wet weight);

Evis(aug} is the average concentraticn of radionuclide i averaged over
all types of vegetables in segment s in pCi/kg; and

W is the weighting factor for vegetable type v in segment s
(fraction of tota) production), dimensionless.

when relying on the state-average production data given in Table 7, the HRC
staff will use values of W, that have been selected to roughly correspond
to the fractions of the three vegetable types- in the average diet. From
Reference 1, these Hﬁ values are 0.78 for above-ground vegetables, 0.20 for
potatoes, and 0.02 for other below-ground vegetabies.

The gross activity content of the regional foed production for each
food type (vegetables, meat, or milk) is obtained by

in = jé: Efsﬂscfis (20
where

A is the area of segment s in km?;

cfis is the concentration of radionuclide i in food category T in
segment s in pCi/kg(wet weight);

Geo is the productivity factor for food f in segment s in kg/yr
per km¥; and

24



:"H-\,r "

‘e

in is the gross activity content of radionuciide i in food T
in pCifyr.

Since the food produced may be eaten at different rates by different
age groups and since ingestion dose conversion factors are also age dependent,
it is necessary to establish the fractions of the ufi values determined by
Equatijon 20 that are ingested by the various age groups. The following rela-
tionship applies: :

F .U

K T Forlre
k

where
Fex is the fraction of the production of food type T ingested by
individuals in age group k, dimensionless;
F is the fraction of the regional populiation belonging to age

Pk group k, dimensionless; and

K is the average consumption rate in kg/yr or L/yr (for milk or
other 1iquids) of food type f for an individual in age group k
(see Table 8 for values). In the absence of suitable site-
specific information, the NRC staff will assume average consump=
tion rates for the population at large as given in Table 8 and
population age fractions and fractional consumption rates as
given in Table 9.

Using values obtained from Equations 20 and 21, total population inges-
tion doses from all food categories are calculated by

_ =8 L]
where
Ef is a factor to account for activity remaining after food prepara-

tion, dimensionless; and

M.(ing) is the resulting regicnal population dose from food ingestion
. for organ j in rem/yr.
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The wvalue of Ef is assumed to be 0.5 for vegetables and 1.0 for meat and
milk. Fractions of the population belonging to the various age groups used in
Equation 20 are determined from U.5. census data in the absence of site-specific
information (see Table 9 for values).

3.2 Continental Population Doses

Substantial contributions to the total population dose may arise from the
transport of released #22Rn across the North American continent. Formation of
long-lived 21°Ph from 222Rn may result in both inhalation and ingestion doses
not only to peocple in the Unfted States, but to people in Canada and Mexico as
well (Ref. 10). 1In order to estimate peopulation doses occurring beyond the
immediate region of the site, the staff makes.use of the data presented in
Table 10. These data consist of estimates of population doses resulting from
1,000-Ci releases of #22Rn from four specific locations in the western United
States. The location closest to the mill site should be used. The population
doses provided are those that would have resulted from releases during calendar
year 1978, including doses te Canadian and Mexican populations, and are based on
the use of the environmental dose commitment concept with an integrating pericd
of 100 years.

For projected releases of 222Rn in future years, resulting population
doses are computed by assuming those doses to be proporticnal to the U.S.
population (use the population data provided in Table 11). The anticipated
annual 222Rn release in kCi is multiplied by the appropriate population
doses from Table 10, and these results are then multiplied by the ratie
of the projected U.5. population for the year of release to the 1978 U.5.

population.

3.3 - Total Population Dose Commitments

Population doses over the site region and the North American continent
are computed on an annual basis for the operational (milling), prereclamation
{pile drying), and postreclamation phases. The total radielegical impact due
to emissions during the first two phases is estimated by multiplying the annual
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impacts by the durations and summing. Total annual impacts for each of the
three phases are obtained by

"j = Hjiinh + ext) + Hj{ing) + Hj{Rn} (23)

where
Hj ic the annual committed population dose to organ j in vem/yr;
and
Hj{Rn) is the annual continental population dose from 22%Rn and its

daughters to organ j in rem/yr.

Total impacts over the first two phases are cbtained by

where
Hj{d] is the annual committed population dose to organ J during
the drying phase in rem/yr;

Hj(m} is the annua) committed population dose to organ j during
the milling phase in rem/yr;

M. {mi&d) is the aggregate committed pepulation dose to organ j over
J the milling and drying phases in rem; and

Tu*Td are the durations of the operational and pile-drying phases,
respectively, in yr.

The calculation, compilation, and presentation of these population doses
is considered by the NRC staff to represent a reasonably complete description
of the radiological impact incurred by the operation of a typical uranium mill.

D. IMPLEMENTATION

The models specified in this guide are being used by the NRC staff in
evaluating radiological impact in connection with applications for uranium

mi1l licenses and renewals.
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Table 1

1SOTOPES AND PARTICLE SIZES FOR WHICH DIRECT AIR
CONCENTRATIONS {cadip VALUES) ARE REQUIRED AS INPUT DATA

Particle Size Group Characteristics (Ref. 1)

Unit Density
Activity--Median
Aerodynamic Equivalent

Particle Diameter Mean Density, Diameter (AMAD), Deposition
Size Group* Range, ym Diameter, pm _ g/cm® pm Velocity, m/sec
p=1 - 1.0 8.9 3.0 1.0 x 1025
p=2 - 1.0 2.4 1.5 1.0 x 10,
p=3 1 to 10 5.0 2.4 7.75 1.0 x 107
p=4 10 to 80 35.0 2.4 54.0 8.82 x 10,

p=25 - 0.3 1.0 0.3 0.3 x 10
Particle Size Group Index**
i Radionuclide p=1 p=2 p=3 p=4 p=~5h
1 uranium-238 C&R C&R C&R C&R -
2 thorium-234 se se se 5€ -
3 protactinium-234 se se se se -
4 uranium-234 se ce se se -
5 thorium=230 C4R C&R C&R C&R -
3 radium-226 C&R C&R C&R C&R -
7 radon-222%%* se se se se -
8 polonium-218 se se se se C&R ™
g Tead-214 se se se se C&R
10 bismuth-214 se se 5B se C&R
11 polonium=-214 se se 58 5e se
12 Tead-210 C&R C&R C&R C&R C&R
13 bismuth-210 se se se se C&R
14 polonium=-210 se se se se C&R

“particle size groups are assigned to effiuents as follows: p
dust; p = 2, 3, or 4 for fugitive ore and tailings dusts; p =
*gruwth concentrations of particulate daughters.

=1 for ¥e11uwtake
5 for 222Rn air in-

]
The entry "C & R" indicates that the particular cadip value is explicitly calculated

by the staff and required as input for use of the models, equations, and data describet
in this guide. The entry "se" indicates that radionuclide is assumed to be in secular
equilibrium with the next-higher-up parent for which the direct air concentration is
explicitly calculated.

*The air concentration of 222Rn is also calculated by the staff and is required as

jnput for use of this guide; 222Rn gas is not assigned a particle size.
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ENVIRONMENTAL TRANSFER COEFFICIENTS*

Transfer Coefficent

U Th Ra Pb
Plant/Soil (Bvi}
(pCi/kg plant ~ wet weight)/(pCi/kg soil - dry weight)
Edible Above Ground 2.5x 1070  4.2x107°  1.4x102 4.0 x 103
Potatoes 2.5x10°° 4.2x103 3o0x10" 4.0 x 103
Other Below Ground 25x10° 4.2x103  1.ax10?  4.0x 103
Pasture Grass 2.5 x 1072 4.2 x 1073 1.8 x 1072 2.8 x 1072
Stored Feed (Hay) 25 x107% 4.2x10°  82x10%  3.6x102
Beef/Feed (FhiJ
- -4 -4 -4 -4
{(pCi/kg per pCi/day) 3.4 x 10 2.0x10 " - 5.1 x 10 7.1 x 10
MilluTend (rm1)
A -4 -6 -4 -4
(pCi/L per pCi/day) 6.1 x 10 5.0 x 10 5.9 x 10 1.2 x 10

®
Sources for these data include References 11-14.
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Table 2
INHALATION DOSE CONVERSIOM FACTORS

Conversion Factor, mrem/yr per pCi/a®

Radon Decay Froducts

Farticle Size = 0.3 micron 2idpy 210pg
Density = 1.0 gfem®

AMAD = 1.0 microns

Wnole Body T.4EE+00  1.25E+00

Bane 2.32E+02" 5.24E+00

Eidney 1.93E+02 3.87E+01

Liver 5.91E+01 1.15E+01

Mazs Average lung 6.27E+01 2.B6E+02

Yellowcake Just

Particle $ize = 1.0 micron zamy 234y 2a0TH az8p, ziopp 210p,

Density = 8.9 gfee?
AMAD = 3 aicrons

WNE e OOy FoOLETUY  heddETWA  dedlETWE e dul-ul FeSSC 38 Se3BE B3
Bone 1.66E+02 1.815+02 4.90F+03 3.53F+02 1. 4SE+02 2.43E+00
Kidney 3.78E+01 4.30E+01 1.37E+03 1.26E+00 1.21E+02 1,.79E+01
Liver 0.0 0.0 Z.82E+02 4.4T7E-02 3.63E+01 5.34E+00
Mass Average Lung 1.07E+3 1.21E+3 2.37E+03 4.B84F+03 5.69E+02 3,13F+02

Uranfus Cre Dust

Particle Slze = 1.0 micron 38 -3y 2I0TR 228Ra 30pn Topy
Density = 2.4 g/em?
AMAD = 1.5 microns

Whole Body 4_32E+00 4.92E+00 1.66F+02 3.09E+01 4.36E+00 4.71E-01
Bone 7.92E+01 7.95E+01 S5.55E+03 3.00E+02 1.35E+02 1.92E+00
Eidney 1.65E+01 1.89E+01 1.67E+03 1.09E+00 1.13E+02 1.42E401
Liver 0.0 0.0 3.43E+407 3.B7E-02 3.45E+01 4.22E+00
Mass Average lung 1.58E+02 1. Q0E+02 3.22E+D3 6.E1E+03 T.T2E+D2 4. Z20E+02
Fine Tailfngs Particulates N

particle Size = 5.0 microns 238y T34 230TH TI8Q, 210pY 210pg

Density = 2.4 gfen?
AMAD = 7.7% micrans

Whole Body 1.16E+00 1.32E+00 1.01E+02 4.00E+01 4.B4E+00 7.10E-01

Bone 1.96E+01 2.14E+01 3.60E+03 4.006+02 1.50E+02 2.89E+00
Kidney 4. 47E+00 5.10E+00 1.00E+02 1.41E+00 1.25E+02 2.13E+01
Liver 0.0 0.0 2.07E+02 4.97E=02 3.83E+01 6.35E+00
Mass Average Lung 1.24E+03 1.42E+03 1.38F+03 Z2.B4E+D3 3.30E+02 1.83E+D2

Coarse Tailings Particulates
Particle 3ize = 35.0 microns 238 234y 2307ThH 118py 210pp Zilpg

Density = 2.4 g/c=?
AMAD = 54 mizrons

Whole Body 7.92E-01 O.02E-D1 5.77E+01 4. 90E+01 4.43E+00 7.2BE-01
Bone 1.38E+01 1.46E+01 2.07E+03 3.S0£+02 1.2B8E+02 2.96E+00
Kidney 3,05E+30 3,.47E+00 5.736+02 1.3BE+0C 1.15E+02 2.126+01
Liver 0.0 0.0 1.196+02 & ASE-02 3.51E+01 6.5ZE+0D
Mass Average Lumg 3.33E+02 3.B0E+0Z 3.71E+02 7.64E+02 B.70E+D1l 5.FEEHOL

"Read 2.32E+02 as 2.32 x 10% = 232.
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Table 4
DOSE CONVERSION FACTORS FOR EXTERMAL EXPOSURE

Dose Factor for External Dose
from Air Concentrations
mrem/yr per pCi/m?

Radionuclide Skin Whole Body*
238 1. D5E-05%* 1.57E~06
2347 6.63E-05 5.24E-05
234mp 8.57E-D5 6.64E-05
23478 1. 36E-05 2.49E-06
2307 1.29E-09 3.58E-06
226pg - 6.00E=-05 4,90E-05
222Rp 3.46E-10 2.83E-06
218pg 8. 18E-07 6.34E-07
214pp 2.06E-D3 1.67E-03
214p§ 1.36E-02 1.16E-02
214p, 9.89E-07 7.66E-07
210pp 4,17E-05 1.43E-05

Dose Factor for External Dose
from Ground Concentrations
mrem/yr per pCi/m®

Radionuclide Skin Whole Body*
238 2.13E-06 | 3.176-07
2347Th 2.10E-06 1.66E-D6
234, 1.60E-06 1. 24E-06
234)Fa ~ 2.60E-06 4,78E-07
230Th 2.20E-06 6.12E-07
226R;3 1.16E~06 9.47E-07
222Rq 6.15E-08 5. 03E-08
218pg 1.42E-08 1.10E-08
214pp 3.89E-05 3.16E-05
214p§ 2.18E-04 1.85E-04
214pp 1.72E-08 1.33E-08
210pp 6.65E-06 2.27E~06

ADoses Lo internal body organs are assumed to be the
same as computed for the whole body.
**pead as 1.05 x 10-° or 0.0000105.
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— Table &

FODD CONSUMPTION RATES USED FOR CALCULATING
DOSES TO INDIVIDUALS

Ingestion Rate by Age Group,” Kg/yr

Infant Child Teen Adult
Vegetables (Total) - 47.8 76.1 105,
Edible Above Ground - 17.3 28.9 29.9
Potatoes - 27.2 42.2 60.4
Other Below Ground - 3.3 5.0 5.0
Meat (Beef, Fresh Pork,
and Lamb) - 27.6 44.8 78.3
Milk (L/yr) 208.0 208.0  246.0 130.0

*ATT data are taken from Reference 6. Ingestion rates are averages for
typical farm households. MNo allowance is routinely credited for portions
) of year when locally grown or home-grown food may not be available.
=
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Table 7
AVERAGE AGRICULTURAL PRODUCTIVITY FACTORS FOR VARIOUS STATES

State-Average Productivity,* ko/yr per kim?

State Vegetables Meat Milk
Arizona 580 1,040 1,130
Colorado 2,800 3,200 1,400
Idaho 14,200 2,000 3,400
Montana 1,800 2,000 370
Nevada 18 510 230
New Mexico 280 1,150 450
South Daketa 2,400 6,400 3,600
Texas 1,200 5,300 2,100
Utah 370 790 1,800
Washington 10,700 1,600 6,000
Wyoming 320 1,400 230

=
Data presented are based on a staff survey and analysis of available data
on agricultural productivity for 1973,
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Table 8

FOOD CONSUMPTION RATES USED FOR CALCULATING
DOSES TO POPULATIONS

Food Category
Vegetable Pathway

Berries and Tree Fruit
Fresh Vegetables**
1. Potatoes
2,  Dther root veqg.
3.  Leafy vegetables
4. Other above-ground
vegetables
Processed Vegetables
1. Potatoes
2.  Other root veg.
3. Leafy vegetables
4. 0Other above-ground
vegetables
Grain, Rice, and Wheat

Total Vegetables
Meat Pathway
Beef and Lamb**
Unprocessed Pork**
Poultry and Processed
Pork
Total Meat
Milk Pathway (L/yr)

Fresh Milkx*
Milk Products

Total Milk

Average Consumption Rates,* kg/yr)

Infants Children Teens Adults
1] 54.1 63.9 49. 2
(] 27.2 42.3 60.4
0 3.4 5.0 5.0
1] 5.8 9.4 13.9
0 11.4 19.5 26.0
0 2.3 3.6 5.2
0 0.9 1.4 1.4
0 0.4 0.6 0.8
0 14.4 24.6 2.8
1] 118.2 136.2 90.8
0 238.1 306.5 285.5
0 21.8 35.9 64.0
0 5.9 8.9 14.3
1] 21.0 33.2 49.6
0 48.7 78.0 127.9

207.6 207.6 246.0 129.6
1] 27.2 454 46.7
207.6 234.8 291.4 176.3

—_
Al data are taken from Reference & and are representative of average
consumption rates by individuais at farm residences.

e
These food categories are evaluated for individual doses from ingestion

pathways.
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Table 9

AGE DISTRIBUTION OF POPULATION, AVERAGE AND PER CAPITA CONSUMPTION
RATES, AND FRACTIONS USED IN THE ABSENCE OF SITE-SPECIFIC DATA

Average Total Consumption Rates,** kg/yr

Age Fraction of
Group Pepulation® Vegetables Meat Milk
Infants 0.0179 0 0 207.6
Children 0.1647 23g.1 48.7 234.8
Teenagers 0.1957 306.5 78.0 291.4
Adults 0.6217 285.5 127.9 176.3
‘ Fraction of Regional Production
Ingested by Each Age Group
Age Group Vegetables Meat Milk
Infants 1] 0 0.0178
Children 0.1418 0.0780 0.1850
Teenagers 0.2167 0.1485 0.2728
Adults - 0.6415, 0.7735 0.5244

*ﬁge fractions given reflect average values for the entire U.s. population
indicated by 1970 census data, as reported in Reference 17.

ek
Consumption rates given are Trom Table & and are not those used for, or
appropriate to, the calculation of maximum individual doses.
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Table 10

CONTINENTAL POPULATION DOSES PER kCi OF 222Rn RELEASED IN 1978

Population Dose Resulting frem a 1-kCi

Release of #22Rn During 1978, organ-rem*

Bronchial Whole Pulmonary

Release Site Epithelium Body Lung
Casper, Wyoming 56. 8.8 2.0
Falls City, Texas 72. 5.8 1.6
Grants, New Mexico 5Z. a.2 1.8
Wellpinit, Washington 43. 9.0 1.7
Average 56. B.0 1.8

Bone

120.
77.

110.

120,

110.

%
Values given are based on data reported in Reference 10 and amended
for inclusion in Reference 1. Exposure pathways considered include
inhalation and ingestion. Isotopes considered include 222Rn and

its short-lived daughters, 210pb, 210Bj, and 210pp,

A 100-year

integrating period was used in the application of the environmental

dose commitment concept.
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Table 11
PROJECTED POPULATION OF THE UNMITED STATES, 1978-2100

Projected U.5. Projected U.5.

Population, Population,
Year millions* Year millions*
1978 218.4 1992 247.4
1979 220.2 1993 249.3
1580 222.2 1994 251.1
1981 224.2 1995 252.8
1982 226.3 1996 254.4
1983 228.5 1997 255.9
1984 230.7 1998 257.5
1985 232.9 1999 258.9
1986 235.1 2000 2e0.4
1987 237.2 2025 287.5
1988 239.4 2050 291.1
1989 241.5 2075 291.9
1950 243.5 2100 293.0

~. 2 1991 245.5

E3
Population projections through the year 2000 are from Reference 18. Later
projections were obtained from Reference 10 and are based on a predicted
growth rate obtained from Reference 19.
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DIRECT AIR RESUSPENDED AIR
CONCENTRATION CONCENTRATIONS
pﬂrﬂ' m
Cpatip' ™} (Crip's!

UEED TO COMPUTE INHALATION DOSE

TOTAL AIR
NTRA AND EXTERNAL DOSES FROM
O e SUBMERSION IN A CONTAMINATED
Cop® ATMOSPHERE

USED TO COMPLTE EXTERNAL DOSES
{ FROM CONTAMINATED GHROUND PLANE

VEGETATION
CONCENTRATIONS

revs

p { USEDTO COMPUTE VEGETABLE
INGESTION DOSES

MEAT
CONCENTRATIONS

{ USED TO COMPUTE MEAT (BEER
¥
bl a}

INGESTION DOSES

cnuc!wflh“nnnus { USED TO COMPUTE MILK

INGESTION DOSES
LT

i 3 Figure 1. Schematic Diagram of Information Flow and Usa For Dose Calculations
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Table 12
CONVERSION FACTORS INTO SI UNITS
Conversion
and Hew Factor from
Units* 51 Units D1d to New Unit
Activity Concentrations (Environmental)
Airberne Particulates and Gas pCi-m-2 Bg-m-2 3.70E-02
Liquids (Water, Milk, etc.) pCi-L-1 Bq-L-1 3,70E-02
Splids (5011, Sediment, pCi-kg-? Bg-kg-1 3.70E-D2
Vegetation, Food Stuff, etc.)
Activity Concentrations (Effluent)
Gas (Air) (pCi-mL=1)** Bqg-m=-3 3.70E+10
Vinuid (pCi-mL=2)** Bg-L-1 3.70E+07
Q Exposure Rate (Environmental) pR+h-1 C-kg-1:h-1 2.58E-10
Absorbed Dose mrad Gy 1.00E~05
Dose Eguivaient mre;n Sv 1.00E-05
Dose Equivalent Rate mrem-yr-1! Sv-yr-1 1.00E-05

(Commitment)

“FSanctioned for temporary use.
**pdopted because of established convention and use in maximum permissible
concentration (MPC) tabulations.
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SYMBOLS

Description

Equal to (t - 1.82) if t > 1.82 and otherwise equal to
zero in yr
Area of segment s in km?

Spil-to-plant transfer coefficient for radionuclide i and
vegetation type v, {pCi/kg(wet) plant per pCi/kg(dry) soil)

Calculated direct air concentration of radionuclide i in
particle size p resulting from operational releases in pCi/m?

Total air concentration of radionuclide i in pCi/m3

Calculated total air concentration of radionuclide 1 in
particle size p at time t in pCi/m®

Calculated resuspended air concentration of radionuclide 1

in particle size p at time t in pCi/m?

Residual resuspended air concentraticn of radionuclide i
in particle size p resuiting from operational releases at
the end of the T year drying period in pCi/m?

Resulting average concentration of radionuciide i in meat
in pCi/kg

Concentration of radionuclide i in food category f in
segment s in pCi/kg(wet weight)

Calculated ground surface concentration of radionuclide i
at time t in pCi/m?

Residual ground concentration of radionuclide i resulting
from operational releases at the end of the deyear drying
period in pCi/m?

Ground concentration of radionuclide i at the time of mill
shutdown in pCi/m®

Incremental 219Pb ground concentration resulting from
226Ra deposition in pCi/m?

Concentration of radionucliide i in hay (or other stored
feed) in pCi/ko{wet weight)

Resulting average concentration of radionuclide i in milk
in pCi/L

47



Evii(avg}
DCFij(cld}
DﬂFij(gnd]

DEFijhﬁing}
DCFijp(1“h]
Dys

nd
i

dj[ext}
dj{inh}
djk{ing)

djk{tnt}

djﬁtext}
djs{inh}

SYMBOLS (Continued)

Concentration of radionuclide 1 in pasture grass in pCi/kg
{wet weight)

Resulting concentration of radionuclide 1 in vegetation v
in pCi/kg(wet weight)

Average concentration of radionuclide i in vegetable type
v produced in segment s in pCi/kg(wet weight}

Average concentration of radionuclide i averaged over all
types of vegetables in segment s in pCi/kg{wet weight)

Dose conversion factor for cloud exposure from radionuclide
i to organ j in mrem/yr per pCi/m®

Dose conversion factor for ground exposure from radionuclide
i to organ j in mrem/yr per pCi/m?®

Ingestion dose conversion factor for radionuclide i in
organ j of an individual in age group k in mram/pCi ingested

Inhalation dose conversion factor for radionuclide 1,
organ j, and particle size p in mrem/yr per pCi/m®

Resulting direct deposiilun rate 5% wadienuclide i in
pCi/m® per sec

Total deposition rate, including deposition of resuspended
activity, of radionuclide 1 in pCi/m? per sec

External dose to organ j in mrem/yr
Inhalation dose to organ j in mrem/yr

Ingestion dose for organ j of an individuai in age group k
in mrem/yr

Total dose to organ j of an individual in age group k
from all exposure pathways in mrem/yr

Average external dose to organ j in segment s in mrem/yr
Average inhalation dose to organ j in segment s in mrem/yr

Factor to account for activity remaining after food pre=-
paration, dimensionless

Eraction of the foliar deposition reaching edible portions
of vegetation v, dimensionless
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i
fk

mi

pat h

Hj{d)

Hj{ing}
Hj{inh + ext)
Hj{h)

M.(m&d)

h|
Hj(Rn)

p

SYMBOLS (Continued)

Eeed-to-meat transfer coefficient for radionuclide 1,
in pCi/kg per pCi/day ingested (see Table 2)

Fraction of the production of food type f ingested- by
individuals in age group k, dimensionless

Feed-to-milk transfer coefficient for radionuclide i
in pCi/L per pCi/day ingested (see Table 2)

Fractions of the total annual feed requirement assumed
to be satisfied by pasture grass or locally grown stored
feed (hay), respectively, dimensionless

Fraction of the regional population belonging to age
group k, dimensioniess

Fraction of the total deposition retained on plant
surfaces, 0.2, dimensionless

Productivity factor for food f in segment s in kg/yr
per km?

Activity ingestion rate of radionuclide i by an individua
in age group k in pCifyr

Annual committed population dose to organ j in rem/yr

Annual committed population dose to organ j during the
drying phase in rem/yr

Resulting regional population dose from food ingestion
for organ j in rem/yr

Resulting population dose from inhalation and external
exposure pathways in rem/yr

Annual committed population dose to organ j during the
milling phase in rem/yr

Aggregate committed population dose to organ j over the
milling and drying phases in rem

Annual continental population dose from #2ZRn and its
daughters to organ j in rem/yr

Assumed soil areal density for surface mixing, 240 kg{dry
weight)/m?

Population residing in segment s

Assumed feed ingestion rate at 50 kg(wet weight)/day
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SYMBOLS (Continued)

Gross activity content of radionuclide i in food f in
pCifyr

Ratio of the resuspended air concentration to the ground
concentration for a ground deposit of age t yr for particle
size p in m-1

Time interval over which deposition has occurred in sec

Duration of time required to dry the taiTiﬁgs pile prior
to reclamation in yr

Duration of the operational phase in yr

Assumed duration of exposure while vegetation v is growing
in sec

Average consumption rate of food type ¥ for an individual
in age group k (see Table 8 for values) in L/yr or kg/yr

Milk (in L/yr) and meat {in kg/yr) ingestion rates for an
individual in age group k

Ingestion rate of vegetable cateiurf y for age group k, i
Luu!—lﬂ- H’:lﬂllhjf"l"

Deposition velocity of particle size p in m/sec (see Table 1)

Weighting factor for vegetable type v in segment s (fraction
of total production), dimensionless

Assumed yield density of vegetation v, in kg/m?® (wet weight)
Zero if t £ 1.82 and unity otherwise, dimensionless

Assumed rate constant for environmental loss in sec-?
Radicactive decay constant for radionuclide i in sec-1
Effective removal constant for radionuclide i on soil in yr-1
Effective rate constant for Joss by radicactive decay and
migration of a ground-deposited radionuclide and equal to

-1
ln + ae in sec

Assumed decay constant of the resuspension factor {equivalent
to a 50-day half-l1ife)}, 5.06 yr-1

Decay constant accounting for weathering losses {equivalent
to a 14-day half-1ife), 5.73 x 10-7 sec-1
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VALUES OF CONSTANTS

Terminal value of the resuspension factor for particles
with a deposition velocity of 0.01 m/sec

Initial value of the resuspension factor for particies
with a deposition velocity of 0.01 m/sec

Deposition velocity for the particle size for which the
initial resuspension factor value is 10-5/m

Fraction of vegetable activity remaining after food
preparation, dimensionless

Effective reduction factor because of structural shielding
for indoor exposure periods

Time required to reach the terminal resuspension factor
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APPENDIX A

SITE-SPECIFIC INFORMATION AND DATA USED BY THE NRC STAFF
IN PERFORMING RADIOLOGICAL IMPACT EVALUATIONS FOR URANIUM
MILLING OPERATIONS

Table A-1 lists and partially describes most of the information and data
commonly used by the NRC staff in performing its uranium mill radiological
impact evaluations. A1l the data detailed in Table A-1 are not always avail-
able on a site-specific basis, in which case the staff will employ conservative
estimates or assumptions. In some situations, the data identified in Table A-1
may not be adequate, so the staff will attempt to secure additional information.
This situation may arise, for instance, when operations at more than one site
are involved and the staff is required to evaluate combined impacts. In most
cases, however, provision of the data identified in Table A-1 allows the staff
to completely fulfill its responsibilities with regard to the preparation of a
thorough, knowledgeable, and technically sound radiological impact evaluation.
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Table A-1

PLANT, PLANT OPERATIONS, METEOROLOGICAL, AND ENVIRONMENTAL DATA
ROUTINELY USED BY THE NRC STAFF IN PERFORMING RADIOLOGICAL

IMPACT EVALUATIONS

I.  PHYSICAL PLANT DATA

A. Detailed site plot plan {overlaid on topographic map with scale
and true north arrow) clearly identifying all locations of--

1.
24
3.

Site property boundaries

Raw ore storage pads

Primary crushers

Secondary crushers

Crushed ore storage areas

Ore grinders

Yellowcake dryer and yellowcake dryer stack®
Yellowcake packaging area and exhaust stack
Tailings impoundments and their boundaries
Any heap leach piles and their boundaries
Restricted area boundaries if different from site property
boundaries

Fences

E. Plant cperations data

1.

General data

a. Ore processing rates for all crushers and grinders,
MT/d; hr/d and d/yr operational

b. Raw ore grade, X Uz0; by weight, average and range

c. Fractions of uranium, thorium, radium, and lead in raw
ore expected to flow through to tailings

d. Expected yellowcake purity, X Us0 by weight, average
and range, MT/yr produced

e. Expected calendar years of initial ore milling, final
ore milling, and completion of tailings area
reclamation

x
Part of the input to the NRC staff's impact assessment computer code
consists of X, Y, and Z ccordinates for various release and receptor

locations.

The staff routinely determines these coordinates with respect -

10 the topographic elevation at the lacation of the yellowcake dryer stack.
A 1ist of all such locations should be given in the radiological assessment.
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Table A-1 (Continued)

Ore storage data

a.
b.
c.
d.
e.
T.
g.

Areas of each pile or bin complex, m?

Ore storage masses

Ore grades, X Us0; by weight

Antidusting measures routinely implemented
Anticipated dusting rates, MT/yr
Anticipated 222Rn releases, Ci/yr
Fractions of input ore sent to storage

Crushing, grinding data

a.,
b.
c.
d.
e.
f.
g.
h.

i.
J-

Description of ventilation air filtration equipment

Design efficiency of exhaust filters

Minimum efficiencies of exhaust filters

Filter testing procedure and schedule if applicable

Fraction of time filters not operational or used

Any measured effluent concentrations

Stack heights and airflows

Anticipated release rates, kg/hr or kg/MT yellowcake
processed

Anticipated 222Rn release rate, Ci/yr

Fractions of ore throughput reaching filters as dust

Yellowcake drying and packaging data

a.
b.
c.
d.

€.
f'l

g.

h.

Processing rates, MT/hr, for drying and packaging if
different

Hr/d and d/yr drying and packaging operations are
carried out

Description of all ventilation air filtration equipment
with design, expected, and minimum efficiencies
Filtration equipment testing procedures and freguencies
Any measured effluent concentrations

Stack heights and airflows

Anticipated release rates, kg/br, for the dryer

stack, the packaging area ventilation exhaust, and any
yellowcake storage area ventilation exhausts

Annual yellowcake yield, MT/yr

Tailings impoundment system (including evaporation or
settling ponds) data

a.

b.

Complete physical, chemical, hydrological, and radio=-
logical description

Total area, surface areas expected to be under water,’
saturaterd, moist, and dry (indicate surface moisture
contents used as basis of estimates)
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Table A-1 (Continued)

¢. Descriptien of antidusting measures routinely impliemented S
and their expected effectiveness
d. Anticipated dusting rates for saturated, moist, and
dry surface areas, g/m? per sec
e. Anticipated 222Rn release rates for underwater, saturated,
moist, and dry surface areas, Ci/yr per m®
f. Estimated drying time required prior to initiation of
reclamation procedures and basis
g. Estimated time required to stabilize and reclaim after
drying and basis
h. Postreclamation estimated 222Rn release rate, Ci/yr
per m2, and basis
II. METEOROLOGICAL DATA
A. Joint frequency data
1. Hational Weather Service (NWS) station data
a. Locations of all NWS stations within 80 km {50 mi)
b. Available joint frequency distribution data by wind
direction, wind speed, and stability class (3-dimen-
sional numerical array)
c. Period of record by month and year
d. Height of data measurement
2, Onsite meteorological data —~
a. Location and heights of instrumentation
b. Description of instrumentation
c. Minimum of 1 full year of orsite joint frequency
distribution data broken down by wind direction, wind
speed, and stability class (3-dimensional array) with
a joint data recovery of 90 percent or more
B. Miscellaneous data
1. Annual average mixing depth heights
2. Description (general) of regional climatology, particularly
including frequencies and durations of extreme wind speeds
II1. ENVIRCNMENTAL DATA
A. A detailed topographic map of the area within 8 km (5 mi) of the
site showing the locations of all--
1. Site boundaries .
2. Lands owned, leased, or ctherwise controlled (including
mill site claims) by the applicant -
e’
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’ Table A-1 (Continued)

< 3. lLands privately owned
4. Lands under the jurisdiction of the U.5. Bureau of Land
- Management
5. Lands otherwise publicly held )
6. Lands useable and available for grazing
' 7. Private residences or other structures used by the general
public
8. Vegetable or other crops, identified by type
9. Private, public, and industrial water wells and natural
springs
10. Milk animals (cows or goats)

B. Regional data (within 80 km)

1. Population distributions by direction (16) and radius (for
1, 2, 3, 4, 5, 10, 20, 30, 40, 50, 60, 70, and BO km) for a
recent year {no earlier than 1970}, for the last year of
expected milling (approximate), and for the last year prior
to completion of tailings area reclamation (approximate)
with expected age group fractions {if available)

2. Available county food production data, kg/yr, for vegetables
{by type and totals), meat {all types), and milk; any
availabie future predictions by local governmental, industrial,
or institutional organizations
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APPENDIX B

STAFF METHODOLOGY FOR THE COMPUTATION OF 100-YEAR
ENVIRONMENTAL DOSE COMMITMENTS

A primary objective of the NRC staff's radiological impact analysis is to
estimate the aggregate radiological impact of the evaluated facilities. In
attempting to achieve this goal, the staff employs the concept of environmental
dose commitment (EDC) and uses an integrating period of 100 years. In adopting
this general calculational approach, the staff has also endeavored to select
and employ a specific calculational scheme suitable for routine use, both by
the NRC staff and by uranium milling license applicants., The specific tech~
nigue used by the staff is, for this reason, greatly simplified but somewhat
less comprehensive in comparison with other published approaches for EDC
computation. This appendix describes the staff's technique for EDC evaluation
and addresses the rationale for selecting a 100-year integrating period.

Ordinarily, to compute maximum individual doses, the staff uses environ-
mental concentrations calculated for the final year of the particular phase of
milling operations. The duration of the operational (milling) phase is most
often estimated to be 15 to 20 years, while drying of tailings piles in the
prestabilization phase may regquire from 2 to 5 years or slightly longer. The
lengths of these time intervals define the value of the time variable "t" that
appears in Equations 2, 3, 4, and 6 of Regu1;tnty Position 1, Concentrations
in Environmental Media, of this guide.

The staff technique for evaluating regional peopulation EDCs for an inte=-
grating peried of 100 years following activity release invelves artificially
setting the wvalue of t to 101 years. The specific procedural steps taken by
the staff in the calculation of 10D-year EDCs are then as otherwise described
in ReguYatory Positions 1 apd 3 and as follows:

1. Obtain all necessary input direct air concentrations, as identified
in Table 1 of the guide, for average release rates {by radionuclide) over the
time interval of the phase being evaluated.

2. Evaluate all required environmental media concentrations by means of
the equations provided for this purpose in Regulatory Position 1, using a value
of 101 years for the variable t appearing in Equations 2, 3, 4, and 6.
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e years, using appropriate population, agricultural, and other data as described

’ 3. Based on the environmental media concentrations computed for t = 101

L
in Regulatory Position 3, calculate the regional population doses far all
exposure pathways for an exposure period of 1 year.

4. Sum the computed doses, as appropriate, over all exposure pathways.

These calculational procedures actually result in the computation of the
population dose commitments resulting from a l-year exposure period to environ-
mental concentrations existing during the 101st year of releases at the constant
rates employed. The similarity of this result to the desired EDC (the population
dose commitments resuiting from a 100-year period of exposure to environmental
concentrations resulting from constant releases over a 1-year time period) is
illustrated in Table B-1, which provides a comparison of staff and conventional
methodologies for EDC computation. This table has been organized to display
the component parts of each calculational method. Line-by-line equivalence of
these component parts can be readily demonstrated under conditions of constant
population, populatien distribution, and agricultural preductivity in the site
region.

The staff has elected to use the approach described, rather than the more

’ conventional approach, and a 100-year integrating period, primarily for the
following reasons:

1. The major exposure pathways are dominated by doses resulting from
airborne activity, which decreases rapidly in the absence of a continuing
source (the resuspension factor has a half-1{ife of about 50 days):

2.  The major dose impact of ground concentrations arises from the food
ingestion pathways, which depend on estimates of agricultural productivity
(forecast data for food productivity in specific areas are rare and are
considered to be potentially unreliable);

3. Inordinate computational difficulties are involved in routinely
taking into account growth trends not amenable to description by very simple
mathematical functions; and

4. The vast majority of resulting population exposure results from
environmental concentrations at distances between 20 and 80 km (32 and 50 mi)
from the site at which routine atmospheric dispersion calculations cannot
generally yield results with sufficient accuracy to justify accounting for
minor perturbations.
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APPENDIX C
RADON DOSE CONVERSION FACTCR

The basis on which the NRC staff has relied for its radon daughter
inhalation dose conversion factor consists of the following major component
parts:

1. The indoor working level (WL) concentraticn resulting from an outdoor
222Rn concentration of 1 pCi/m® is approximately 5.0 x 10-% WL.

2.  The number of cumulative working level months (WLM) exposure per year
fis un wusmage dmdinidunl at 2 ennctant eoncantratinn nf ane Wl 5 28 WIMAYT,

3. The committed dose equivalent to the bronchial epithelium (basal cell
nuclei of segmented bronchi) per unit WLM exposure is 5000 mrem {5 rem).

These component parts enter into the following equation, which yields the
222pp iphalation dose conversion factor used by the staff:

5.0 x 10-5 WL 25 WLM/yr 5000 mrem _ 0.625 mrem/yr
pCi/me WL WM — pei/me

Each of the three components identified above are derived from the following

sources and data:

1. 5 x 10-5 WL per pCi/m® of 222Rn is established by the assumed indoor
air concentration ratios for 222Rn, 218pg, Z14ph, and 214Bi of 1.0/0.90/0.51 and
0.35. These concentration ratios and the derived conversion factor are
representative of conditions in a reasonably well-ventilated structure {Refs. 1
and 2 for Appendix C).

2. 25 WLM/yr per WL concentratien is derived from the assumption that
an average individual's average breathing rate will be about 50 percent of
that of a working miner. A WLM is defined, in terms of exposure to a working
miner, as one month's occupational exposure to a 1-WL concentration. This
sssumed breathing rate would result in an average jndividual receiving about
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0.5 WiM as a result of the same Tength of exposure to air at a 1-WL concentration.
The following relationship applies:

12 WLM/yr-wL = -
(8760 hr/yr) x 30 hr/wk % 52 wiiyr * 0.5 = 25 WLM/yr-WL

3. Five rem/WLM is the value derived from applying a quality factor (QF)
of 10 for alpha radiation to convert from rad to rem (Refs. 1, 2, and 3 of
Appendix C) to the figure of 0.5 rad/WLM as reportad in the BEIR Report
{page 148 of Ref. 3 of Appendix C).

The NRC staff considers the above basis for its 222Rn iphalation dose
conversion factor to be both sound and reasonable. The staff acknowledges that
radon dosimetry is extremely complex and strongly influenced by assumed environ-
mental and biological conditions. In view of the large variations induced by
rather small changes in the assumed free-ion fraction, relative equilibrium,
thickness of the intervening tissue and mucous layers, etc., the staff has
endeavored to use physical, envirommental, and other data reasonably
representative of average conditions.

REFERENCES FOR APPENDIX C

1. Environmental Protection Agency, “Potential Rddiological Impact of Airborne
Releases and Direct Gamma Radiation to Individuals Living Near Inactive
Uranium Mill Tailings Piles,” EPA Report EPA-520/1-76-001, January 1976.

2. Environmental Protection Agency, "Environmental Analysis of the Uranium
Fuel Cycle, Part I--Fuel Supply," EPA Report EPA-520/9-73-003-B,
October 1573.

3. Natienal Academy of Sciences--National Research Council, "The Effects on
Populations of Exposure to Low Levels of lonizing Radiation," Report of
the Advisory Committee on the Biological Effects of Ionizing Radiations

{BEIR), November 1972.
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VALUE/IMPACT STATEMENT

1. PROPOSED ACTION

1.1 Description

The proposed action consists of the development and publication of a
routine methodology for assessing the radiological impacts of routine radio-
active releases from uranium mills. These radiological impacts include doses
to exposed individuals, doses to the population within an 80-km (50-mi) radius,
doses to the population of the entire United States, and doses to the population
of the MNorth American Continent. Evaluations made using the published
methodology would serve several regulatory and Ticensing purposes for which
the methodelogy must be suitable. These purposes include evaluating compliance
with 40 CFR Part 190 and MRC regulations, evaluating impacts of releases as
part of the overall ALARA evaluation, and evaluation of environmental impacts
to meet NEPA requirements.

1.2 Need

Radiological impact evaluations for routine releases from uranium mills
have been carried out in the past, and numercus new and repeat evaluations will
probably be required in the future. Past evaluations have been prepared by
NRC personnel or by personnel frem national laboratories under contract. These
assessments have lacked a uniformity of approach and purpese for numerous
reasons, the most important being the absence of a standardized routine
procedure. 0Other reasons include, but are not Timited to, the evolution ef
new meodels, technigues, and data; the development of new concerns requiring
new methods of analysis; and the problems associated with having evaluations
prepared by different groups of people. This situation needed to be corrected.
The proposed action includes the publication of state-of-the-art analytical
models, inciuding environmental transport models and data, models and data for
human dosimetry, and appropriate data for receptor characteristics. An example
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of the problems to be addressed by this effort is the evaluation of the long-term
time-integrated impact of mill tailings piles, heretofore assessed by HRC only
in terms of the impact during a single year.

\'\-—rl‘";

1.3 Value/Impact

1.3.1 NRC

The decument conveying the results of the proposed action will be a useful
tool and should result in substantial benefits to NRC. These include upgrading
the gquality of future evaluations, particularly with regard to uniformity,
completeness, and the application of more up-to-date methods and data. Other
benefits will include greater flexibility in personnel assignments and reduced
allocations of persennel time to completing evaluations.

1.3.2 QOther Government Agencies

Other agencies will have available a reliable reference document explaining
NRC's evaluvation technigues. If evaluations can be conducted more uniformly,
other agencies concerned with radiological and health impacts would benefit
from these evaluations as they become more familiar with a routine approach
and require less time to review NRC evaluations.

1.3.3 Industrial and Public Interest Groups

Clearly predictable impacts on these groups include the costs involved in
familiarizing themselves with the proposed regulatory guide. Benefits will be
derived from more easily predicting and understanding the results of NRC
evaluations. Some differences from past evaluation techniques have been
incorporated in this guide, but based on public comment, the degree and effects
of such alterations appear to be minimal.

1.3.4 Public

The public will derive a benefit from the availability of a reference
document explaining NRC evaluation techniques, and a further benefit will be
derived from the increase in quality of NRC evaluations and subsequent Ticensing

decisions and regulatory requirements.
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2. TECHNICAL APPROACH

The technical approach to be used is based in part on contract work pre-
pared by staffs of the Argonne National Laboratery, the Pacific Northwest Labora-
tory, and the Oak Ridge National Laboratory. This approach reflects techniques
currently being adopted for use in review of uranium milling license appliica~
tions and license renewal applications by the Office of Nuciear Material Safety
and Safeguards. Comments on the technical approach were solicited by the
issvance of Draft Regulatory Guide RH 802-4 for public comment. The comments
received were evaluated and modifications were made to the guide where
appropriate.

3.  PROCEDURAL APPROACH

In its preliminary value/impact assessment, the staff considered several
procedural approaches for carrying out the proposed action and selected the
publication of a regulatory guide.

4.  STATUTORY CONSIDERATIONS

4.1 NRC Authorit

The product document establishes ruutin; procedures by which NRC will
evaluate radiological impacts of routine airborne releases from uranium mills.
These evaluations will be and are being used in "as low as is reasonably achiev~
able" determinations to evaluate compliance with NRC regulations, to evaluate
compliance with EPA's 40 CFR Part 190 regulation, and to evaluate envirommental
impacts as part of NRC's overall NEPA determination.

4.2 HNeed for MEPA Ascessment

The proposed action on calculational models did not require an environmental
impact statement as it was not "a major Commission actien significantly affecting
the quality of the environment" as detailed in paragraph 51.5(a)(10) of 10 CFR
Part El.
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5.  RELATIONSHIP TO OTHER.EXISTING OR PROPOSED REGULATIDNS OR POLICIES
'______"“'______-*_____"'“_____“‘T::";?""""“""'______

i - ’

No potential conflicts with other agencies have been identified. However,
the proposed regulatory guide will be a principal tool in the implementation

-of EPA regulation 40 CFR Part 190. Implementation of 40 CFR Part 190 is an

NRC responsibility.

There is some possibility that backfitting requirements may result from
implementation of 40 CFR Part 190. Such possible requirements will not result
from the proposed action, but rather from the EPA regulation.

6.  SUMMARY AND CONCLUSIONS
Guidance on routine procedures for evaluating the radiological impact of

routine airborne releases of radicactive material from uranium m111ls should be
developed and published in a regulatory guide.

&8
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S

U.S. NUCLEAR REGULATORY COMMISSION

REGULATORY GUIDE

OFFICE OF NUCLEAR REGULATORY RESEARCH

May 1985

REGULATORY GUIDE 3.56
{Tesk CE 3024)

GENERAL GUIDANCE FOR DESIGNING, TESTING, OPERATING, AND MAINTAINING
EMISSION CONTROL DEVICES AT URANIUM MILLS

A INTRODUCTION

Regulations applizable to wranium milling are contained
in 10 CFR Part 20, “Standards for Protection Against Radi-
ation,’ and in 10 CFR Part 40, “Domestic Licensing of
Source Material ™

Paragraph 20.1{c) of 10 CFR Part 20 stztes that licensees
ghould make every ressomable effort to keep radiation
exposares, as well as relesses of radicactive material to
unrestricted areas, as low as Is ressomably achicvable.
Paragraph 20.105(c) of 10 CFR Part 20 requires that licens-
ees engaged in wraniom fuel cycle operations subject to
the provisions of 40 CFR Part 190, “Enviranmental Radia-
tion Protection Standards for Nuclear Power Cperations,”
comply with that part. Part 190 of Title 40 requires that
the maximum annual radiation dose to Individual members
of the public resulting from fuel cycle operations be Lim-
ited to 25 millirems to the whole body and to 2ll organs
except the thyreid, which must be limited to 75 millirems,
Criterion 8 of Appendix A to 10 CFR Part 40 requires that
miling operations be conducted so that all airborne efflu-
ent releases are reduced to levels as low as is reasomably,
achisvable,

Afr in the immediate vicinity of such wranivm milling
operations as ore crushing, ore grinding, and yelloweake dry-
inpg and packaging frequently containg radisactive materials
in excess of that permissible for relezse to unrestricted
areas, Emissfon control devices are installed in ventilation
gistems of uranjum mills to limit releases of thess radio-
active materials to the environment.

General guidance for filing en application for an NRC
source material license authorizing uranium milhng opera-
tions is provided in § 40.31 of 10 CFR Part 40. An appli-
cant for a new license or renewal of an existing license for a
uranium mill is required by § 4031 to provide detailed

information on the proposed equipment, facilities, and
procedures at the installation. This information iz used by
the NRC to determine whether the applicant’s proposed
equipment, facilitics, and procedures are adequate to protect
the health and safety of the public and and to determine if
they will significantly affect the quality of the environment.
Calculations by the NRC of the environmental impact from
the proposed uranium milling operations are based on the
estimated rate of production of radiozetive airtborne partic-
ulates adjusted to reflect the removal efficiency of the
emission comtrol devices installed in the plant ventilation
gystems. This requires reliable information on the efficiency
of these devices. It elso requires reliable information on the
production of sirborne radioactive particeulates during the
proposed operations.

Section 40.65 of 10 CFR Part 40 requires mill operators
to submit semiannual reports to the NRC specifying the
guantity of each of the principal radionuclides refeased to
unrestricted areas in gaseous effluents. This information
may be used by the NRC to estimate: maximum potential
annual radiation doges to the public resuiting from effluent
releages and thereby determine compliance with paragraphs
20.1(c) and 20.105(c) of 10 CFR Part 20 and with Crite-
rion 8 of Appendix A to 10 CFR Part 40. The quantity of
radionuclides refeased is based on scheduled sampling of

cffluents discharged inte exhaust stacks. The reliability of
these data for estimating radiation exposures depends on

maintaining uniform operation of the emission control
devices during the reporting time interval because thess
effluents are not continuously sampled,

All emission control devices used in wranium mifl ventila-
tion systems need to perform reliably under expected oper-
ating conditions to meet the objectives discussed above, This
guide describes procedures acceptable to the NRC staff for
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Any information collection activitles mentioned in
this regulatory guide are contained as requirements in
10 CFR Parts 20 or 40, which provide the regulatory
basis for this guide. The information collection require-
ments in 10 CFR Parts 20 gnd 40 have been cleared
under OME Clearance Nos, 31500014 and 31500020,

respectively.
B. DISCUSSION

The milling of uranium ores results in the prodiuc-
tion of airborne particulates containing uranfum and its
dzughters in several areas of & typical wremium mill,
These areas encompass (1) ore storage, handling, and
crushing, (2) ore grinding, l=aching, and concentrating
processes;  (3)  yellowezke  precipitation, drying, and
packaging, =nd (4) miscellaneous mill Jocations such as
maintenance shops, laboratories, and general laundries.
Milling cperations must be conducted so that all airborne
effluent releases are reduced to levels as low as is
ressonably achievable (ALARA). The primary means of
accomplishing this s the contrel of emissions at the
soutce,

The most significant sources of radioactive airborne
particulates occur in ore handling and crushing areas and
in yellowcake drying and packaging sreas, These sources
are generally controlled by scparate ventilation systems
in each area that remove these sirhorne particulates
through local hoods, hooded conveyor belts, etc., inte
emission control devices where they are removed from
the air streams. The cleaned air is then dizcharged by
fans into the atmosphefe throwgh locsl exhaust stacks.

Emissicn rontrol dexices see svailable in o wids s
of designs to meet variations in air cleaning requirements.
Degree of removal required, guantity and characteristics
of the contaminant to be removed, and conditions of
the air stream all have 2 bearing on the device selected
for any given application. Emission control devices used
at ore crushing &nd grinding operstions include bag or
fiher flters (baghouses), orifice or baifle scrubbers, and
wet impingement scrubbers. Water spray systems are
also used st these operations to minimize the generation
of dust. Wet impingement serubbers or venturi serubbers
are generally employed &t yellowcake drying and packap-
Ing areas.

Al emission contro] devices used in a uranium mal
ventilation system need to be designed for reliable
performance under the expected operating conditions.
Initial testing and proper maintenance are primary
factors in ensuring the reliability of these components.
Perodic testing during operation to verify the efficiency
of these components is another important meins of
ensuring reliability. Built-in features that will facititate
convenient in-place testing of these devices are important
in ventilation system design,

Emisslon control dewices used in a3 wranfum mill
ventilation system need to be sefficiently instrumented
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to measure and monitor their operating characteristics,
Frequent checks of all significant operating parameters
are necessary to determine whether or not conditions are
within a range prescribed to ensure thet this equipment
Is operating consistently near peak efficiency. When
checks indicate that the equipment is not operating with-
in this range, ft is neceszary to take action fo restore
partmeters to the prescribed ramge. To ensure that
timely actions sre taken, instrumentation is often supplo-
mented by audible alarms that age preset to  signal
when prescribed operating range limits are exceeded,
When the required actions cannot be taken without shut.
down and repair of this equipment, it will be necessary
to suspend milling operations that are the source of the
emissions until corrective actions have been taken, Crite-
rion 8 of Appendix A ta 10 CER Part 40 requires suspen-
sion of yelloweake drying and packaping operstions as
soon as practicable when shutdown and repair of the
emission control system is nmecessary. The installation of
automatic shutdewn instrumentation on processes amd
systems at which operating parameters on emission com-
trol devices may exceed scceptable limits could prevent
cxcessive releases that may result from continuous oper-
ations under these circumstances, €.f, those mpssociated
with the production of yelloweake. The installation of
backup or redundant emission control systems would per
mit continucus operation during fepair and maintenance
of the primeary system,

A preventive maintenance program s important for
emission control devices used jn uranium mmall wentilation
systems. A program designed to identify deficiencies in
operation of these devices so that comrective action can
be taken to reduce the frequency of off-normal opera-
bun van providc @ measure of cohfidence In the operat-
ing characteristics of these devices. This Program may
require periodic wpdating to refleet actual in-plant
experience, equipment manufacturers guidelines, and
NRC puidance. For example, a preventive maintenance
program can consist of the equipment supplier's recom-
mendations supplemented by provisions derived from the
licensee’s own  routine isspection and maintenance
records,

The key to proper maintenance of emission control
devices is frequent inspection. It is important that &
regular program of inspection be estahlished and followed
and records be kept of sll inspections and ihe resulting
maintenance, Inspection intervals will depend on the
type of emission contral device, the manufacturer's
recommendation, and the process area where the unit is
installed. These inspeclions need to be performed as
frequently 25 experience shows to be necessary bui not
less than annually,

Considerabls mainterance time can be expended on
trouble shooting and correction of malfunctions of emis-
sion control devices. The ability to locete and correct
maifunctioning components of thess devices requires a
thorough understanding of the system.
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Throughout the manufacturing industry, there are
many models of each type emission control device used
at uranium mills. These models range in size in order
to meet the different air capacity nesds at the mills. In
addition, some design festures of esch manufacturer are

- unigue. Accordingly, the specilic design and the testing,

operating, and maintenance procedures for each model
are beyond the scope of this guide. General guidance is
presented, however, for each type of emission control
device based on typical models in present-day use.
EBackground information for this guidance can be found
in the Biblicgraphy. The licenses may substitute proce-
dures based on specific opersting parameters of the
model in use at the facility for those described in this
guide.

1. DESIGN AND OPERATION
1.1 Bsg or Fabric Filters (Baghouses)

Bag or fabric filters, usually in the form of baghouoses,
remove particulates from 2 gas stream by filtering the
girborns particulates (by impaction or diffusion) through
& porous flexible fabric made of a woven or [felted
materizl. These collected particles form & structure of
their own, supported by the filter, and have the ability
to intercept and retain cther particles. The increase in
tetention efficlency is accompanied by an increase in
pressure drop through the Idter. 1o bagnouses are
equipped with one of severz! automatic cleaning mecha-
nisms for periodically distedging eollected material from
filter components to prevent excessive resistance to the
gis flow (i.e., excessive pressure drop) that would
otherwise develop. The dislodged material settles in
storage hoppers before the filter components are placed
back on stream, The automstic cleaning cycle can be
initiated by either a differential pressure switch or a
timer, which may be interlocked with the main fan
motor for the baghouse.

The cleaning mechanizms employed in baghouses are
bas=d on eilher mechanical shaking of the filter compo-
nents or pneumatic vibration of thess components
by high-pressure air applied in reverse flow, reverse jet,
or reverse pulse modes. The effectiveness of these
compressed afr systems depends on maintaining a suffi-
cient teservoir of compressed air at the pressure speci-
fied by the baghouse manufacturer. Higher pressures
than specified could cause failure of the filter fabric,
while lower pressures can result in poor filter cleaning.
These problems are minimized by pressure-regulating
devices used in the compressed air systems

The most critical parameter to be chserved during
baghouse operation is the pressure drop. Proper operation
of the baghouse reguires, ! a minimum, maintaining the
differential pressure of this device in the eorfect range
gpecified by the manufscturer. A manemeter or a
differential-pressure pauge and trapsmitter are wsually
provided for this purpose. This instrumentation is often
supplemented by an zudible alarm system designed to

signal apd alert mill operators when prescribed differential-
pressure ranges are cxcecded. Lower differential pressures
Indicate potentizl deficiencies such as damaged filters or
other air bypass channels that should be corrected,
Higher differential pressures indicate that cleaning opera-
tlons are inadeqiizte. This can be corrected by increasing
the frequency of the automatic cleaning cycle through
adjustment of the differential-pressure switch or timer of
the baghouse installation.

1.2 Wet Scrubbers

Wet scrubbers remove particulates from a gas siream
by effecting intimate contzet between the gas stream
and 2 scrubbing lguor, uswally water. The basic opera-
tianz that take place within a wet scrubber are (1)
saturation of the incoming gas, (2) contacting and
capture of the particulates in the scrubbing liquor, and
{3) separating the entrained particulzte-laden liquid [rom
the pas stream. The basic types of wet scrubbers are
distinguished by the mechanisms used for transfer of
particulates from the gas stream to the lgquid stream.
Most scrubber systems require some type of treatment
and dispesal of the particulate-laden scrubbing liquor.

Several water spray systoms may be used in wet
scrubber operations. Water from the main water spray
gystem ¢ directed either into s screem or throat to
COMEACT INC PATTIGUIALE-IBGENn Eas suean. in eppboduns
where inlet gas temperatures are inordinately high, pre-
conditioning of the incoming gas to the scrubber may
be necessary to provide adeguate humidity and thereby
maintain particulate collection efficiency, This may be
accomplished by uvse of an auxilizry water spray system
upstream of the scrubber particulate scavenging area.
Where particulste .buildup is likely to occur in the
entrainment separator, a8 wash syslem may be necessary
to avoid this condition. The wash system is usually
composed of low-pressure spray nozzles using recycled
scrubbing liquor or fresh water for cleansing.

Orifice, wet impingement, or wventusi wet scrubbers
are generally used In wranfum mill ventilation systems.
In orificetype wet scrubbers, the gas stream iz made to
impinge wpon a surface of scrubbing water and is then
passed through various constrictions where its velocity
may be increased and where grester liquid-particulate
interaction may occur, *The gas stream finally discharges
through a chamber section where cntrzined droplets are
disengaged. In wet impingement scrubbers, the gas
stream  is wetted with water from low-pressure spray
nozzles n the soubber inlet and then passed through
perforated plates et high velosity to impinge on baffle
plates or vanes where liguid droplets conteining partic-
ulate matter coalesse and drain to a sump, Solid particles
are washed to the sump by either intermittent or con-
tinnous spravs. Prior to exiting from the scrubber, the
gas siream passes through an entrainment separator to
remove entrained Liquid droplets, In a venturi scrubber,
the gas stream flows through a throatlike passage where
the gas is accelerated in velocity., The scrubbing liguor is
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added at or ahead of the venturi throat and is sheared
inte fine droplets by the highwvelocity gas stream,
resulting in liguid-particulate interaction. The gas and
liquor droplets then pass through a cyelone scpamater
where entrained droplets containing particulate matter
are removed from the gas stream.

Although each type of scrubber discussed sbove has
unique design features, their collzction efficiencies are
influenced in similar ways by incremental changes in
certain common operating parameters, principally gas
and bguid flow as well as pressure drop. A decrease In
either the gas or hiquid flow rate could result in insuffi-
cient gas cleaning. Collection efficiency can also dimin-
ish if the liguid-togas flow rate ratio falls below design
values, An increase in pressure drop across the scrubber
will enhance the collection efficiency for the same size
distribution and comcentration of particulstes in the gas
stream. Proper operation of thess wet scrubbers requires
monitoring of these parameters to determine that they
are within ranges prescribed to ensure equipment perform-
ance consistently near optimum collection efficiency,
Instrumentation used to monitor these parameters is
often supplemented by sudible alarm systems designed
to signal and alert mill operaters of the need for corree-
tive action when prescribed operating ranges are exceeded.
In SUIIE CHSES AUTOMETC CONMOL SYSIEMS Wilh inieriocks
may be nccessary. For example, the scrubber fan could
be interlocked to shut down in the event of an indics-
tion of water flow failere. These clreumstances would
require suspending particulate-producing processes in the
ventilation zone serviced by the scrubber wntil cortrective
sction could be taken or switching to a redundant
scrubber unit,

Daily operationsl data summaries on baghouse and
wet saubber performance are useful in providing a con-
tinuous record of performance of these devices, Other
formats that contain equivelent information such as
recorder charts can also be used for this purpose.
Criterion & of Appendix & to 10 CFR Part 40 requires
that checks of all parameters that determine the effi-
ciency of yellowcake stack emission comtrol equipment
oparation be made and logged hourly. In addition, data
from checks made of all operating parameters necessary
to enable timely identification of malfunctions ean be
of value in ensuring proper operation of baghouses and
wel scrubbers and in updating preventive meintenance
programs for these devices to reflect actual operating
EXPEfISRCE,

2. MAINTENANCE
2.1 Beg or Fabrie Filters {Baghouses)

The frequency of nesded mainfenance for baghouses
can be determined from manufacturers” recommendations
and operating experieace. In order of decreasing frequen-
cy, the principal bzghouse components requiring mainte-
nance are (1) filter bags, (2) flow controls, (3) hoppers,
and (4} cleaning mechanisms. Symptoms of potential
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" operating problems requiring corrective maintenance are

almost always one of the following: (1) excessive emis-
slony, (2) short filter bag life, and {3} high pressure
drop. These symptoms may indicate mallunctioning in
more than one compenent. For example, high pressure
drop may be attributable to difficulties with the filter
bag eleaning mechsnizm, low compressed air pressure,
high humidity, weak shaking sction, loose filter bag
tension or excessive reentrainment of dust. Many other
factors can causc excessive pressure drop, and several
options a2re usuvally available for appropriste corrective
action.

2.2 Wet Scrubbers

The malar maintenance problems with wet scrubbers
are (1) excessive buildup of solids in the wetfdry zones
and entrainment separator, (2) plugged water spray noz-
zles, (3} sbrasion in areas of high wveloclty such as
threats and orifices, and (4) corrosion on. scrubber vesss)
internal surfaces, A buildup of solids often occurs
around the wetfdry interfaces of ducts where the gas
stream contacts the wetted scrubber housing. Instrumen-
tation sech as lguid and.gas pressure Indicators can
exhibit rapid solids buildup and therefore require regular
cleaning to ensure proper system operation and perform:
snce. Increased pressurc drop, reduced gas flow, and
subsequent system malfunction are all possible conse-
quences of a buildup of solids in the entrainment
seperaior. Water spray nozzles frequently wear or clog,
which produces an wneven liguid pattern and requires
their replacement. Venturi and impingement scrubbers
tend to show signs of abrasion in areas downstream of
gas end liquid acceleration. Corrosion can occur from
the high moisture and airborne lguid incident on
tomponents, in perticular where protective liners may
have deteriorated.

A regular schedule of routine inspection of key com-
ponents and operzting parameters is an essential fngredi-
ent of a maintenance program for ensuring the reliabil
ity of performance ef typical baghouses and wet scrub-
bers. Examples of some typical maintenance activities
for baghouses and wet scrubbers used at wranium hills
are presented in Appendices A and B, respectively,
These egctivities are in addition to those procedures
recommended by manufzcturers for routine lubrication,
inspection, and replacement of component parts.

3. TESTING

To ensure proper selection of emission contral de-
vices, It Is necessary for potential users to supply manu.
Facturers with & bst of specifications for the given appli-
cation, including gas flow rates, liquid flow rates (where
scrubbers are under consideration), temperature, pressure,
pressure drop, concentration of particulates, particle size
distribution, emission levels, and collection efficiency.
The manufacturers, in torn, should design and supply
these devices based on test data already available for
prototype equipment used under similar circumstances,



I relevant test data are not available, it is generally
advisable for the manufacturer and potential weer to un
mutuzally sgreed-upon piiot plant or protolype tests with
a gas stream typical of the gas stream to be cleanssd to
ensure that proper cguipment is supplied to meet the

- desired collection efficiency. After Installation of the

device, it may be tested in place to confirm its particu-
late remowval efficiency. Periodic in-place testing will
ensure continoed effectivencss of the device, In this
way, reliable data will be available to the leensee for
estimating the environmental impact of wranium milling
operations before and after the commencement of
operations.

Collection efficiency for bn']hnnus and wet scrubbers
used in uranium mills is vsually based on inlet and out-
let particulate concentrations inm 2 dry gas corrected to
standard temperature and pressare. Enlet and outlet par-
ticulzte concentrations are preferably sampled simultane-
ously il practicable. The procedure of choice for deter-
mination of particulate concentrations is described in
Method 5, *“Determination of Particulate Emissions
From Stationary Sources,” of Appendix A to 40 CFR

© Part 60, “Stendards of Performance for New Stationary

Sources.” In +his procedurs, parliculate matter iz with-
drawn isokinetically from the gas stream and collscted
on a glass fiber filter maintained in a prescribed eleveted
temperature range. The particolate mass, which includes
any material that condenses at or above the fiftration
temperature, i3 determined gravimetrically after removal
of uncombined water, If a preoperational in-place
determination of collection efficiency s desired, a2
procedure mutoally acceptable to the user and manufac-
turer may be used,

4. QUALITY ASSURANCE

Components of wuraniom mills do not reqoire a
formal quality sssurance program; however, particular
guality agsurance requirements may be imposed by the
NRC as license conditions o deemed necessary to
protect health. A guality assurance program for emission
control devices need only be an extension of the overall
quality assurance progrem usually submitted by an
applicant for & license to ensure that the emission
control devices are designed and the testing, operating,
and imaintenance procedures are implemented to main-
tzin uniform operation of these devices within prescribed
ranges under expected operating conditions.

C. REGULATORY POSITION

Emissions from milling operations must be controlied
so that all airborne effluent releases are reduced o
levels az low as iz ressomably achievable. An important
means of accomplishing this i3 by means of emimsion
control devices in mill ventilation systems. The désign
and the testing, operating, and maintenance procedures
for thesse emission conmtrol devices should ensure that
thess devices are cperating consistently near peak cpera-
tional efficiency.
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1. DESIGN AND OPERATION

In addition to the requirement in Criterion 8 of
Appendix A to 10 CFR Past 40 that requires checks to
be made and logged hourly of all parameters that
determine the efficiency of yellowcake stack emission
control eéguipment opemation, other emission control
devices should be sufficiently instrumented to monitor
all operating parameters necessary to enable timely
identification of malfunctions. Consideration should be
given to centralizing equipment instrumentation and
controls, where feasible, to facilitate ease of changing
and evaluating operating parameters.

Instrumentation may be supplemented by audible
slarms that are presst fo signal when prescribed operat-
ing range limits are exceeded,

Consideration should be given to installation of auto-
matic shutdown instrumentation om processes and sys-
temns so that, when operating parameters on emission
control devices exceed preset limits, operstions would
cease.

Eguipment wused in the emission control sysiem
should be clearly marked to gllow easy identification.
Up-to-date system drawings should be available to
identify the location of valves and instruments. A rec-
ord of system modification or changes should also be
available, !

Consideration should be given to keeping records of
operating data in order to évaluate system performance
and to provide & basis for establishing or maodifving a
preventive mainténance program,

Written procedures should be available for equipment
operation and for operator actioms if malfunctions
ocour, Checkoff lists should be considered for complex
or infrequent modes of operation, Some operational
procedures that may be considered for typical haghouses
and wet scrubbers used al uwrenium mills are presented

in Appendix C.

Equipment operators should be instructed in the
function of each device and its operating characteristics.
They should alse be made aware of consequences of
malfunctions and misoperation as well a5 of comrective
measures that may be taken by the operator,

Equipment operators showld be made awate of modi-
fications to the equipment, changes in procederes, and
problems encountered during system operation.

2. MAINTENANCE

A preventive maintenance program should be devel-
oped and Implemented to sestain proper equipment
performance &nd to reduce unscheduled repairs. Inspec-
tions should be performed st least annually, mors
frequently if necessary, on all components.
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In the development of the maintenance progam, con-
sideration should be given to the type of emissian
control device, the manufacturer’s recommendations, and
the process at which the unit is installed. This program
may require pericdic updating to refiect onsite maknte-
nance experience.

Schedules and written procedures should be svailable
for maintenance work. Meintenance personnel should
be trained in the implementation of maintenance pro-
cedores. They should be trained to recopnize the symp-
toms that indicate potential problems, to determine the
cause of the difficulty, end to remedy it with the help,
if necessary, of the manufecturer or other sutside
resource.

3. TESTING

Emission control devices should be tested in place
gt least annually to verify collection efficiency. Collec-
tion efficiency for baghouses and wet scrubbers wsed in
uranium mills should be based on inlel end outlet
radicactive particulate concentrations i s dry gas cor.
rected to standard temperature and pressure. Inlet and
outlet (radioactive or uranium) particulate eoncentrations
should be sampled simultancously, if practicable.

The test should be performed in accordance with
Method 5 of Appendix A to 40 CFR Fart 60 or an
acceptable equivalent,
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If a preoperational in-place determination of collee-
tion efficlency is desired, a procedure mutuslly sccept-
able to the user and manufacturer may be used,

4. QUALITY ASSURANCE

The overall quality assurance program submitted by
an applicant for a license should include provisions for
(1} documentation, review, and evaluation of design,
testing, operating, and maintenance datz for emission
control devices and (2) timely initiation of corrective
actions necessary to mzintain uniform operation of these
devices within prescribed ranges under expected operats
ing conditions.

D. IMPLEMENTATION

The purpose of this section is to provide information
to applicants and licensees regarding the MNRC staff's
plans for uging this ruuh_tm‘y guide,

Except in those cases in which an applicant or
licensee proposes an acceptable alternative method far
complying with specified portions of the Commission’s
regulations, the methods described in this guide will be
used by the NRC stafl in evaluating procedures for
designing, testing, operating, and. maintaining emission
contral devices used at uraninm mills,
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AFPENDIX A

TYPICAL MAINTENANCE ACTIVITIES FOR BAGHOUSES

COMPONENT
Baghouse Housing

Compressed Afr System

Dust Collection Hopper

Manometer

Filter Bags
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ACTIVITIES

Inspect exhaust from filters for wisible dust.
Inspect gasketing on filter housing to ensure
apainst leakage,

Inspect for air leakage (low pressure) and check
valves,®

Check alignment of air pulss holes with center
of bag filters.™

Inspeet for dust and debris builldup in ducts to
hopper.

Rod out dust buildup on all sceessible hopper
surfaces, .

Check operation of the dischurge mechanism,

Inspect for blockags.

Inspect individual filter bags and attachment
hardware,

*Activitiea wpplicable to pulse or Jei baghouses. The remalnder sre appliceble to sl haghouses.
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APPENDIX B

TYPICAL MAINTENANCE ACTIVITIES FOR WET SCRUBBERS

COMPONENT
Scrubber Body

Nozzles

Entrainment Separator

Pumps

Instrurments
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ACTIVITIES

Inspect for wear, particularly in areas downstream
of gas end liquid acceleration.

Imgpect for corrosion on all scrubber internal surfaces,
Inspect for excessive buildup, in particularin the
wet/dry zone,

Inspect for builldup and damage.

Check operation.
Inspect structural supports for integrity,

Inspect pumps for wear, seal water, packing, and
smooth operation.

Inspect the condition of all instruments with regard
to solids butldup,



APPENDIX C

TYPICAL OPERATIONAL SURVEILLANCE PROGRAM

EMISSION
CONTROL DEVICE

Baghouses

Wet Scrubbers

FOR EMIS5ION CONTROL DEVICES

SURVEILLANCE ACTIVITY

Menitoring differential pressure, Adjusting timer or
differentidi-pressure swifch 1o agjust Trequency of
autometic cleaning cycle as needed.

Monitoring differential-pressure alarm lights in control
ared.

Monitoring compressed air pressure gauge on high-
pressure air system.

Monitering alr flow instrumentation in control area,

Monitoring differential pressure,

Monitoring differential-pressure alarm lights in control
area.

Monitoring air flow instrumentation and alarm lights
in control area.

Monitoring water flowmeters.

Menitoring water pressure slarm lights in control area.
Monitoring control ares process control indicater
lights for possible process shutdown in the event

of water flow failures at preconditioning sprays
or at the scrubber,
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VALUE/IMPACT STATEMENT

The NRC staflf performed =z valuefimpact assessment
to determine the proper procedural spproach for pro-
viding puidance on designing, testing, operating, and
maintaining emission contrel devices at wranium mills.
The =ssessment resulted in 2 decision to develop &
regulatory gulde describing procedures for designing,
testing, operating, and maintaining emision control
devices at uranium mills. The resalts of this aseeszment
were included in a draft regulatory guide on thia sub-
ject, CE, 3094, that was issued for public comment in

Moy 1985. Comments received from the public and
sdditional NRC stafi review have shown no need to
change the value/impsct statement published with the
proposed regulatory guide. Therefore, the velusfimpact
statement published with the proposed guide iz still
applicable. A copy of the draft regulatory guide (identi-
fied by its task number, CE 309-4) and its associated
value/impact etatement it available for inspection and
copying for a fee at the NRC Public Document Room
at 1717 H Street NW., Washington, DC,
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REGULATORY GUIDE 4.14

RADIOLOGICAL EFFLUENT AND ENVIRONMENTAL MMITﬂHIHG
AT URANIUM MILLS

A. INTRODUCTION

Utaniiem mill operatofy are required by Nuclear Reguls-
tory Commizsion (WRC) regulations and licenss conditions
to conduct rediclogical effluent and environmental moni-
toring programs. Regulstions applizable to uranium milling
are conteined in 10 CFR Part 20, “Stendards for Protection
Agsinst Radiation,™ and Part 40, “Domestic Licensing of
Source Material.™ For example, § 40,65, “Effluent Maoni-
tering Reporting Requirements” of 10CFR Part 40
requires the submistion to the Commistion of semienmual
reports containing information required to estimate doses
to the public from effluent releases.

Information an radistion doses and the radionuclides in
& mill's #ffluents end environment both prior to and lhn'h:
operations 1s needed by the NRC staff:

1. To estimate maximum potential annuval radlation
doses to the public resulting from effloent releasey,

I. To mameiiela wimviles il avluhiul; ::q_u.:.r:mlnll '™
the NRC (including 10 CFR Part 20 dose limits, releass
limits, and the “as low 2 fx reasonably achievable™ require-
ment), mill licepse conditions, and the requirements of
40CFR Part 190, “Environmestal Radiation Profection
Standards for Nuclear Power Operations,”™ have been met,

3. To evaluate the performance of effiuent controls,
including stabilization of active and inactive tallings piles,

4. To evaluate the environments] impact of milling cpars-
tiont, both during operations and after decommissioning.

5. To establish baseline data to ald in evaluntlon of
decommissioning operstions or deconteminsticn following
any unistal releases siich ax o tallings dam failure.
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This guide describes programs scceptable 1o the NRC
staff for messuring end reporting releasss of radicactive
materials to the environment from typical uranium mitls,

The programs described in this guide are not require-
ments. Licensing requirements are determined by the NRC
atafl on s case-by-cuse basis during individusl Ecensing
reviews. Individual applicants or licensces may propose
alternatives for new or existing monltoring programs that
need not necesarily be consistent with this guide. The

Jjustification for uch altematives will be reviewed by the

NRC ataff, and the acceptabilify of proposed aiternatives
will be determined on & case-by-cass baxis during individual
lictnsing reviews. For exampis, it is anticipated that opers-
tlonal monltoring programs that do not Include at least
three continuous sir samples at the wts boundary will
include more extensive wtack sampling knd more sampling
locations than are described in this guide ps well a2 metecr-
clogical data and additional an!imnmtnm monitoring
requirements.

H. DISCUSSIDN

' The radistion dese an Individual reccives can be deter-
mined only if the radionuclides to which an Individual is
exposed are known, Therefore, mondtaring programs should
provide sccurate Information on the specific radionuclides
in cfflocnts from & mill, its ore piles, and ity tallings reten-
tion syiten anid in the surrounding envirenment.

Methods of sampling and enalyris for the radionuclides
azocisted with uranlum milling wre discuseed fn seurces
listed in the bibliograpky. The Lating of these documents is
not mesnt to be all inclusive, nor does it constitute an
endorsernent by the NRC etaff of all of the mothods in all
of the lixtings. Rather, thess Ustings are provided es sources
of information to aid the licenses In developing s monitor-
ing program,

The sampling program described below §i divided into

. Iwe parts:. preopenstions] monitoring and operational
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monitoring. Preoperational data is submitted to the NRC as
part of the application process. Operational dats is reported
as required by § 40.65 of 10 CFR Part 40 and specific |
license conditions and at times of license renewal,

€, REGULATORY POSITION

. I, PREOPERATIONAL MONITORING

An scceptable preoperational moaitoring program Is
described below and summarized in Table 1. At least twelve
consecutive months of dats, including complete sofl aam-

. pling, direct radiation, and radon flux data, should be sub-

mitted to the NRC staff prior to any major site construs-
tion. A complete preoperationsl report with twelve conssc-
utive months of data should be submitted prior to beginning
milling operations. Pror to the atart of local mining opers-
tions, If possible, monitoring data, Incleding sirborpe radon
measurements, should be submitted to the NRC staff,

Applicants may propose alternatives to this preopera-
tional program. However, squivalent alternstives should be
proposed for the pperational program so that the programs
remain compatible,

1.1 Preoperational Sampling Program
L.1.1 Air Samples

Adr particulate samples should be collected continuously
at & minlmum of three locations at or near the site bound-
ary. H there are residences or occupisble structures within
10 kilometers of the ste, a continuous cutdoor air sample
should be collected at or near the structure with the highest
predicted adrborne radlonuclide concentration due to milling
operations and at or neer at Jeast one gtructurs in any area
where predicted doses exceed 5 percent of the standards in
40 CFR Part 190, A continuous sir sample should also be
callectad at a remote location that represants background
conditions at the mill site; in genersl, & suitable Jocation
would be in the least prevalent wind direction from the site
end unsffected by mining or other milling operations.

Nommally, filters for continuous ambient air samplas are
changed weekly or more often as required by dust loading,
. af

The sampling locations should be determined according
to the projected site and milling operation. Preoperational

sampling locatlons should be the same as operational |

locations, The following factors should be considered in
determining the sampling locations: (1) average meteorolog:
ical conditions (windspeed, wind direction, stmospheric
stability), (2) prevailing wind direction, (3) site boundaries
nearest to mill, ore piles, and fallings.piles, (4) direction of
nearest oecuplable structare (sce footnotes of Tables 1 and
2), and (5) location of estimated maximuom concentrations
of radjoactive materials,

Samples should be collected continuoualy, or for at Jeast
ope week per month, for analyss of radon-222. The sam-
pling locations should be the same as those for the continy-
ous alr partioulate prmples,
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1.1.2 Water Sampler
. Samples of ground water should be collected quarterly

from at lesst three sampling wells located hydrologically |

down gradient from the proposed tailings area, at [east
three locations near other sides of the tailings area, and one
well located hydrologically up gradient from the tailings
arca (to serve as a background sample), The location of the
ground-water sampling wells should be determined by
hydrological analysis of the potential movement of stepage
from the tailings ares, and the baxis for choosing these loca-
tions should be presented when dats is reported. Wells drilled
close to the tailings for the specific purpose of obtaining
representative samples of ground water that may be affect-

ed by the mill tailings are preferable to u_lsﬁng wells,

Ground-water samples should also be collected quarterly
from each well within two kilometsrs of the propossd
tailings area that is or could be used for drinking water,
watering of livestock, or crop frrigation. .

Samples of surface water should be collected quarterly
from esch onsite water impoundment {such as 2 pond or lake)
and eny offsite’ water impoundment that may be subject to
sezpage from tailings, dralnage from potentially contami-
nated ereas, or drainage from a tailings impoundment failure,

Samples should be collected at least menthly from

streams, rivers, any other surface waters or drainage systems

crossing the site boundary, and any offsite surface waters
that may be subject to dralnmge from potentially con-
taminated aress or from a tailings impoundment fallurs,
Any stream beds that are dry part of the year should be
sampled when water is flowing. Samples should be collected
at the site boundary or at a location immediately downstreanm
of the erea of potential Influence,

1.1.3 Vegeration, Food, and Fish Samples

Forage vegetation should be sampled st least three times
during the grazing season in grazing aress in thres different
sectors having the highest predicted alrborne radionuclide
concentration due to milling operations,

At least three samples shouold be collected at tims of
harvest or slsughter or removal of animals from grazing for
each type of crop (including vegetable gardens) or Livestock
raised within three kilometers of the mill site,

Fish (If eny) samples should be collected semiannually
from any bodies of water that may be subject to seepage or
surface dreinage from potentially contaminated areas or
that could be affected by a tailings impoundment failure,

1.1,4 Soll and Sediment Samples
Prior to initistion of mill construction (ead if possible

prior fo mining), one set of soll ssmples should be collested
as followa:

8. Surface-soll samples (to a depth of five centimeters) |

should be nollut:d_udu a consistent technique at 300-

-



meter intervals in each of the eight compass directions out

to a distance of 1500 meters from the center of the milling |
area, The center is defined as the point midwur between -

the proposed mill and the tailings area,

b. Surfaccgoil samples should also be collected at each
of the locations chosen for air particulate samples.

c. Subsurface samples (to 2 depth of 1 meter) should be
collected at the center of the milling area and at 2 distance
of 750 meters in each of the four compass directions,

‘Sail sampling should be repested for each location
disturbed by site excavation, leveling, or contowring,

One set of sediment samples shonld be collected from the
same surface-water locations a3 described in Section 1.1.2.

For surface water passing through the site, sediment should

be sampled upstream and downstream of the site, Samples
should be eollected following spring runoff and in late
summer, preferably following an extended period of low{low,
In cach location, several sediment samples should be col-
lected in 2 fraverse scross the body of water and composited
" for analysis,

1.1.5 Direct Radirrion

Frior to initiation of mill construction (and if possible
prior to mining), gamma exposure rate measurements
should be made at 150-meter intervals in each of the ejght
compass directions out to a distance of 1500 meters from
the center of the milling area. Measurements should also be
made at the sites chosen for air particulate samples,

Measurements should be repeated for each location
disturbed by site excavation, leveling, or contouring.

Gamma exposure measurcments should be made with
paszive integrating devices (such as thermcluminescent
dosimeters), presturized jonization chambers, or properly
calibrated portable survey instruments, *

Direct radiation measurements should be made in dry
weather, not during periods following rainfall or when soil
Is abnormally wet.

1.1.6 Radon Flux Meégruremenis

Fadon-232 Nux measurements should be made in three
gzparale month: during oormal weather conditions in the
spring through the fall when the ground is thawed. The
measurements should be made at the center of the milling
ares and at locations 750 and 1500 meters from the center
in cach of the four compass ditections. Measurements
should not be taken when the ground is frozen or covered
with ice or snow or following periods of rain.

1.2 Analysis of Preoperstional Samplen

Alr particulate samples should be analyzed for natoral
uranijum, thorium-230, radbum*226, and lead-210.
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Air samples collected for radon should ‘n: lnuly:ed for
radon-222,

The resulfs of analyses of air samples should be used to
determine the radicnuclide cmmmuun: for the sampling
locations,

All ground-water samples collected near the tailings area
should be analyzed for dissolved natural vranivum, therium-
230, radlum~=226, polonium=-210, and lead-210. Ground-water
samples from sources that could be wsed as drinking water
for humans er livestock or ctop irrigation should also be
gnalyzed for suspended natural uranium, thorium-230,
radium-226, polonium-210,and lead-210.

Surface-water samples from water impoundments should
be analyzed quarterly for natural uranium, thorium-230, and
radium-226 and sermiannually for lead-210 and palonium-2§0,
The eamples shoeld be analyzed separately for dissolved and
suspended radionuclides.

Surface-water samples from flowing surface water gshould
be analyzed monthly for natural uraniom, thorium-230and
fadivm-226 and semiannually for lead-210 and polonium-210,
The samples should be analyzed separately for dissolved and
suspended radionuclides.

The results of analyses of water samples ghould be used to
determine the radionuclide concentrations for the umpllns
locations.

Vepetation, food, and fish {edible portion) samples
should be pnalyzed for natural wranium, thorum-230,
radium-226, lead-210, and polonium-210. d

All soll samples should be analyzed for radium-226. Soil
samples collected at air particulate sampling locations and
ten pereent of all other soil samples (including at least one sub-
surface get) should be analyzed for natoral uranium, thorium-
230, and Read-210. Aralysis of extra 3cil samples may be
necessary for repeat samples collected at locations disturbed
by site excavition, leveling, or contouring.

Sediment samples should be analyzed for naturaluranjum,
thoriem-230, radium-226, and lead-210.

2. OPERATIONAL MONITORING

Anacceptable monitoring brogram to be conducted during
construction and after the beginning of milling operstions
is deseribed below and summarized in Table 2, The results
of this program should be summarized quarterly and sub-
mitted to NRC semiannually pursuant to § 40.65of 10 CFR
Part 40. An acceptable reporting format Is shown in Table 3,

2.1 Operational Sampling Program
2.1.1 Stack Sampling
Effluents from the yellowcake dryer and packaging stack

should be sampled at least quarterly during normal opera-
tions. The sampling ‘should be isokinetic, representative,



and adequate for determination of the release rates and
concentiations of uranium. The sampling should also be
sdequate for the determination of release rates and con-
centrations of thoriem-230, radium-226, and lead-210
if this data cannot be obtained from other sources.

Other stacks should be sampled at least semiannually.
The samples should be representative (not necessarily
isokinetic) and adequate for the determination of the
reledse rates and concentrations of wranium, thorium-230,
radinm-226, and lead-210.

Al stack flow rates should be measured at the time of
sampling.

2.1.2 Air Sempley -

Air partlculate samples should be collected continuously
at (I} a minimum of three locations at or near the site
boundary, (2) the residence or occupiable structure within
10 kilometers of the site with the highest predicted air-
bome radicnuclide cobcentration, (3) at Jeast one residence
or occupiable structure where predicted doses exceed 5
percent of the standards in 40 CFR Fart [90, and (4) a
semote location representing background conditions. The
sampling locations should be the same s those for the
preoperational air samples (see Section 1.1.1). The sampling
shonld be adequate for the Ueterminstion of natural urs-
nium, thorium-230, radium-226, and lead-210,

Nermally, {Eiters for continuous ambient air samples are
changed weekly or more often as required by dust loading,

Samples should be collected continuously at the zame
locations, or for at least one week per month, for analysis
of mdon-222. '

2.1.3 Water Samples

Samples of ground water should be collected from at
beast three sampling wells located hydrologically down
gradient from the tailings ares and from one background
well located hydrologically up gradient. The samples should
be collected monthly through the first year of operation
and quarterly thereafter from - the same downslope and
beckground wells that wers used for preoperational ssmples
({see Secton 1.1,2),

Samples should be collected st least quarterly from each
well within two kilometers of the tailings arca that is or
could be used for drinking water, watering of livestock, or
crop lrrigation.

Samples should be collected at least quarterly from each
onsite water impoundment (such 31 a pond or lake) and any
offsite water impoundment that may be subect to seepage
from tailings, drainage from potentially contaminsted areas,
of drainage from a tailings impoundment failure,

Samples should be collected at least monthly from any
sarface water crossing the site boundary and offuite streams
or vers that may be subject to drainage from potentially
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conteminated areas or from & tailings impoundment failure,
Stream beds that are dry part of the year should be sampled
when water iz flowing, Operational samples should be
collected upstream and downstream of the srea of potential
inflaence, ) .

Any unusual releases (such as surface seepage) that are
not part of normal operations should be sampled.

.2.1.4 Vegemation, Food, and Fith Samples -

Where o significant pathway to man it identified in
Individual licensing cases, vegetation, food, and fish samples
should be collected as described below,

Forage vegetation should be sampled st least three times
during the grazing stason in grazing areas in three different
sectors having the highest predicted airbome redionuclide
concentration due to milling operations.

At Jeast three samples thould be eollected at the fime of
harvest or slaughter or removal of animels from grazing for
each type of crop (including vegetable gardens) or Hvestock
Taised within three kilometers of the mill site. .

Fish (if any) samples should be collected semiannually
from any bodies of water that may be subject to seepags or
sarface drainage from potentially contaminated sress or
that could be affected by a tailings impoundment faflurs,

2.1.5 Sofl and Sediment Samples

Surface-soil samples should be collected annually using &
congistent technique st each of the locations chosen for air
partculate samples as described In Section 2.1.2,

Sediment samples should be collested annuslly from the
surface-water locations described in Section 2.1.3.

2,16 Direct Radiation

Gamma exposure rates should be measured quarterly at
the altes chosen for air particulate samples as deseribed in
Section 2.1.2. Pamive Intcgrating devices (such as thermo-
luminescent dosimeters), pressurized ionization chambers,
or properly calibrated portable survey instruments should
be used (s2¢ Regulstory Guide 4,13).

2.2 Analysisof u.l'.lll'lﬁ}lll] Samples

Samples from the yellowcake dryer and packaging stack
should be analyzed for natural uranfum. Samples should
also be analyzed for thorium-230, radium-226, and lead-210
if this deta cannof be obtained from other sources such as
isotopic analyss of yellowcake product, Samples from
other stacks should be analyzed for natural uranium,
thorium-230, radiom-226, and lead-210,

Alr particulate samples should be analyzed for nataral
uranjum, thorium-230, radium-226, and lead-210,

Alr samples collected for radon should be analyzed for
madon-222,



The results of analyses of gir samples should be used to

determine the radionuclide release rates for the stacks and
the radionuclids "concentrations for the stacks and other

sampling locations.

Water samples should be analyred for natural uranium,
thoriem-230, radium-228, polonium-210, and lead-210,

Ground-water samples from sources not expected to be
used as drinking water should be analyzed for dissolved
radionuelides. Ground-water samples from sources that
could be used as drinking water for humans or livestock and
all surface-water samples should be analyzed separately for
dissolved and suspended radionuclides. These results should

be used fo determine radionuclide concentrations for

ground water and natural bodies of water,

All vegetation, food, and fish (edible portion) samples
should be analyzed for radiam-2286 and lead-210.

All soil samples should be analyzed for natural uranium,
radiom-226, and lead-210.

All sediment samples should be snalyzed for natural
wraniuim, therium-230, radium-226, and lead-210,

3. QUALITY OF SAMFLES

Provisions should be made to ensure that representative
samples are obtained by use of proper sampling equipment,
proper locations of sampling points, and proper sampling
procedures {see hibliography).

Air samples may be composited for analysis if (1) they
are collected at the same location and (2) l‘.lmjlr represent a
ﬂmphn; period of one calendar quarter or less,” Alr samples
thould not be composited if (1) they represent a sampling
period of more than one calendsr quarter, {2) they are from
‘different sampling locations, or (3} the samples are to be
analyzed for radon-222.

Samples collected for snalysis of radon-222 should be
analyzed quickl}: enough to minimize decay losses,

Sarnplcs other than sir samples should not be composited.

4, SOLUBILITY OF AIR BDHNE IIADIGACTI\FE
MATERIAL ‘

Table I of Appendix B, “Concentrations Ian Alr and
Water Above Natura! Background,” to 10 CFR Part 20 lists
scparate values for soluble and insoluble’radioactive mate-
rals in effluents. In making comparisons between airborne
effluent concentrations and the values given in Table II of
Appendix E 1o 10 CFR Part 20; the maximum permissible
concentrations for insoluble materisls should bBe used,

5. LOWER LIMIT OF DETECTION
The lower limits of detection for stack effluent samples

should be 10% of the sppropriate concentration limits
listed in Table II of Appendix E te 10 CFR Part 20.
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The Jower limits of detection for analysis of other
sampies should be as follows:

U-natural, Th-230, Re-226 inair - 1 10™¢ uCirm

Pb-210in air - - 2% 1078 pCifm)
Rn-222 - 2x 10719 uCifmi
U-natural, Th-230, Ra-226 in - 2x107'° ucitm
water
Po-210in water < = 1% 107 uCifmt
Pb-210 in water « 12107 uCifm
U-netursl, Th-230, Ra-226, - 2% 107 pCifg
! l'h-'zl{lln sail l.nd dem:nt
(dry)
U-natural, Th-230 o vegetation, - 2x 1077 pCifkg
food, and fish {wet)

Ra-226 in vegetation, food, and - 5x 10°% pCifig
fish {wet)

Po-210, Pb-210 in vegetation, 1x 107 uCijkg
food, and fish {wet) :

Obviously, if the actusl concentrations of radionuglides
being sampled are higher than the lowér limits of detection
Indicated above, the stampling and analysis procedures nead
culy be adequate to mewsure the actual concentrations.
In sach casss, the standerd deviation estimated for random
errar of the uulrﬂuhnuidh:mmtcrﬁm 10% of the
measured value,

An acceptable method for calculating lower limits of
detection is described in the appendix to this guide,

6. PRECISION AND ACCURACY OF RESULTS .
6.1 Error Estimates

The rundam error associated with the analysis of samples
should always be calculated. The celculstion thould take
into account all significant random wuncertainties, not
merely counting etror,

If the analyst estimates that systematic errars assaciated
with the wnalygls are significant relative to the random
error, the magnitude of the systematic error should be
estimated,

6.2 Calibzztion : !

Individual written procedures should be prepared and
used for specific methods of calibrating all sampling and
messuring equipment, incloding ancillary equipment, The
procedures should engure that the equipment will operate
with adequate accurscy and stability over the tange of itz
intended use. Calibration procedures may be ‘compilations



of published standard practices, manufacturers® instructions
that accompany purchased equipment, or procedures
written in-house. Calibration procedures should identify the
specific equipment or group of instruments to which the

procedures apply.

To the extent possible, calibration of measuring equip-
ment should be performed wsing radionuclide standards
eertified by the Nationsaf Bureau of Standards or standards
obtained from suppliers who participate in measurement
assurance activities with the Nationsl Bureau of Standards
(see Regulatary Guide 4.15).

Calibraticns should be performed at regular intervals, at
least semiannually, or at the manufacturer's suggested inter-
val, whichever is more frequent, Frequency of calibration
should be based on the stability of the system, If appro-
priate, equipment may be calibrated before and after uss
Instead of at arbitrarily scheduled intervals, Equipmen:
should be recalibrated or replaced after any repairs or when-
ever it is sugpected of being out of adjustment, excessively
wormn, or otherwise damaged and not operating properly.
Functional tests, iec., routine checks performed to demon-
strate that s given instrument is in working condition, may
be performed using sources that are nof certified by the
National Bureau of Standards.

6.3 Quality of Results

A continuous program should be prepared and imple-
mented for ensuring the quality of results and for keeping
tandom and systemsatic encertainties to a2 minimuam. The
procedures should ensure that samples and measorements
are obtained in a uniform manner and that samples are not
changed prior to analysis because of handling or because of
their storage environment., Tests should be appled to
analytical processes, including duplicate analysis of selected
effluent samples and periodic crosscheck analyses with
independent laboratories (sce Regulatory Guide 4.15).

Fo MUELASTULFLITLS ALTL LCOLAR AN WY REDUL LD

This section provides guidelines for recording all results,
Reports submitted to NRC shounld be prepared using these
guidelines and the format shown in Table 3 of this guide,
7.1 Sampling and Analysis Results

7.1.1 Alrand Stack Samples

For each air or stack sample, the following should be
recarded:

1. Location of sample.
2, Dates during which sample was collected.
< LIE CONCERITAINDMGS oI Naiurad Ill‘l.n.ll.ll'l'l.. Thinum-

230, radium-226, lead-210, and radon-222 for all
samples except stack samples.
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4. The cconcentration of natural uranium, thoriom-
230, radium-226, and lead-210 for stack effiuent
samples,

5. The percentage of the appropriste comcentration
Hmit as shown in Tatle Il of Appendix B to 10,
CFFE Part 20, .

€. The estimated release rate of matural wranium,
thorium-230, radium-228, and lead-210 for stack
effluent samples.

7. The flow rate of each stack.

L2 Liguld Sarples

For each liquid sample, the following thould be recorded

1. Location of sample.

2, Type of sample (ground n}mfm water),

3._ Date of sample collection.

4. The concentrations of natural uranium, thorium-230,
radium-226, polonium-210, and lead-210, (If separate

. analyses were conducted for dissolved and suspended
tadionuclides, report each result saperately,)

7.1.3 Other Samplex

For other samples, the following should be recorded:

l. Lecation of sample.

2. Date of sample collection,

3. Type of sample (vepetation, soil, radon-222 flux,
Eamma exposure rate, etc.).

4. Analytical result (radionuclide concentrgtion. eamma
exposure rate, radon flux :'ltl.'u,\:tn::g‘?'é

7.1.4 Error Estimates

Reported results should always include estimates of
uncertainty. The magnitude of the random error of the
analysis to the 95% uncertainty level should be reported for
each result. If significant, an estimate of the magnitede of
the systematic error thould also be reported.

7.2 Sapplemental Information

The following information should be incleded in each
monitoring report submitted to NRC:

1. Mame of facility, location, docket number, snd
license numbe,

2. Description of sampling equipment and discussion of
how sampling locations were chosen,



3. Description of sampling procedures, inchiding sam-
pling times, rates, and vohemes,

4. Description of analyticsl procedures,
5. Description of ecalenlational methods,

&, Discussion of random and systematic error estimates,
incloding method:s of caleulation and sources of
fystematic crror.

7. The values of the lower limits of detection, slong
with 2 description of the calenlation of the lower
limit of detection.

8, The values of maximum permissible concentration
from Table H of Appendix B to 10 CFR Part 20 used
in any calenlations.

&, Discussion of the program for ensuring the quality of
results,

10. Description of calibration procedures.

11. Discussion of any unusval relesses, including the
circumstances of the release and any data avallable on
the quantities of radionuclides releaszd,

7.3 Units

Radionuclide quantities should be reported in curics,
Radionuclide concentrations should be reported In micro-
curies per milliliter for air and water, microcuries per gram
for soil and sediment, and microcuries per kilogram for
vegetation, food, or fish. Direct radistion exposure rates
sheould be reported in milliroentgens per calendar guarter,
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Radon flux rstes should be reported in picocuries per

_ sguare meter persecond. Stack flow rategshould be reported

in cubic meters per second. (In the Internationsl System of
Units, a curie'equals 3.7 x 10'9 becquerels, a microcurie
equals 3.7 x 10* becquerels, and & milliliter equals 1078
cubie meters.)

Estimates of random error should be reported in the
same units 25 the result itself, Estimates of systematic errar
should be reported as a percentage of the result.

Note: The Commission has discontinued the use In 10
CFR Part 20 of the wpecial curie definltions for natural
uranjum and natural thorfum (39 FR23%90, June 28,
1974). Reports to the Commission should use units con-
sistent with this change,

7.4 Significant Figures

Results should not be reported with excessive significant
Figures, so that they appear more certain than they actually
are, The reported estimate of error should contain no more
than two significant figures, The reported result irself
should have the same number of decimal places as the
reported error,

7.5 Format

Reports should be submitted according to the format
shown is Table 3,

The term “not detectsd,”™ *less than the lower limit of
detection (LLD)," or similar terms should never be used,
Each reported resull should be a value and its associsted
error estimate, inelnding values less then the lower limit
of detection or less than zero.
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—_ AFPENDIX
LOWER LIMIT OF DETECTION

L

For the purposes of this guide, the Lower Limit of Detec-
tien (LLD) is defined as the smallest concentration of radio-
active material sampled that has a 25% probability of being
detected, with only a 5% probability that a blank sample
will yia]d 3 responss interpreted to mean that radicective
material is present. (Radioactive material is “detected” if it
yiclds ar instrument response that leads the analys! te con-
clude that activity above the system background is present.)

For & particular measursment system (which may

Include radiochemical separation):
4.66 S,
LLD= g
© 3.7x10% EVY exp(-AAt)
where
LLD is the lower limit of detection (microcuriea
per milliliter);
. is the standard deviation of the instrument
% background counting rate (counts per secondy;
3.7x 10* i the number of disintegrations per second
per microcurie;
E is the counting efficiency {counts per disin-
tegration);

&.14-21

v is the sample volume (milliliters);
Y is the fractional radiochemical yield (when
‘applicable);
A is the radioactive decay constant for the
particular radionuelide; and
At is the elapsed time between sample collection
‘ and counting.

The value afsh used in the calculation of the LLD for 2
particular messurement system should be based on the
gctual observed wariance of the instrument background
counting rate rather than an unverified theoretcally
predicted variance,

Since the LLD is a function of sample volume, counting
efficiency, Tadiochemical yield, etc., it may vary for differ-
ent sampling and analysia précedures. Whenever there s a
significant change in the parameters of the measurement
gystem, the LLD should be recaleulated.®
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Laywe-Lavel ll.miguﬂl'l Health Hly.ll'ﬂ. Yal. 32, 1577, pp. 1~ =14,
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BIOASSAY AT URANIUN MILLS

A. INTRODUCTION

Section 20,108, “Orders Requiring Furnishing of Bje-
aszay Services,™ of 10 CFR Part 20, “Standards for Protec-
tion Against Radiation,” states that, where NECEssary or
desirable in order to aid in determining the extent of an
individual’s exposure to concentrations of radioactive mate-
rial, the NRCmay incarporate appropriste provisions in any
License directing the licensee 1o make available to the indj-
vidual appropriste bioassay serviess, Paragraphs 20.103(a)1)
and 10.103{a}(2) require licensess to limit intakes of ma-
terials such as uranium by individuals in restricted areas to
the limits specified in Appendix B to 10 CFR FPart 20, As
gpecified in paragraph 20.103(a)(3), compliance with these
Limits must be determined through air sampling and, as
appropriate, through bioassays,

Parageaph 20,103{b}2) permits licensees to make
allowance for the use of respiratery protection equipment
in determining the magnitude of intake provided such
equipment i5 used as stipulated in paragraphs 20L103{e)
through (g). These paragraphs require the licenses to
perform bioassays, as appropriate, {o evaluate individua]
exposure end to essess the protection actually provided.
Respiratory protection devices do not always offer efficient
protection, I & device is defective, is inappropriate for the
particular contaminant involved, does not fit the wesrer
properly, or is carelessly put in place, the wearer may
unknowingly receive a sipnificant inhalation exposure.
Therefore, if the potential intake was sufficiently large,
bicassay procedures should be performed to determine
whether such devices were in fact effective,

This puide describes a bicassay program acceptable to the
NE.C staff for uranium mills (and applizable portions of ura-
nium cenversion facilities where the possibility of exposure
to yellowcake dust exists), including exposure conditions
with and without the use of respiratory protection devices,

Any information collection activities mentioned in this
regulatory guide are contained as requirements in 10 CFR
Part 20, which provides the regulstory basis far this guide.
The information collection requirements in 10 CFR Part 20
have been cleared under OME Clegrance Mo, 3150-0014,

B. DISCUSSION

This guide is based on information from the references,
public comments received on the versions published in
July 1978 and Tanuary 1987, data submitted by the milling
industry, and an apalysis by the staff of the Office of
Nudear Regulatory Research (NUREG-0874, “Internal
Dosimetry Model for Applications to Bioassay at Urandum
Mills," Ref. 1). Information acquired in the future may
resull in revisions to this guides in particular, if bipassay
results acermulated over g sufficiently long period af time
indicate that workers at uraninm mills are being adequately
protected from airborne uranjum by means of ventiiation
equipment and effective air sampling programs, the guide
may be revised accordingly,

C. REGULATORY FOSITION

1. DEFINITIONS

Recent solubility studies have revealed notable differ-
ences in the dssolution rates of yelloweake produced under
different thermal conditions. For the purpose of this guide,
the following distinetion is made:

a. Low-fired yellowcake is defned as yelloweake drjed
2t temperatures less than 400° ¢,

b. High-fired (calcined) yellowcake is defined gs yellow-
cake dried at temperatures of 400°C or maore,
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Two important areas in a uraniom mill where workers
are exposed to uranium are defined as follows: 1

a. Ore-dust areas, under normal conditions, are defined
a5 those areas beginning with the transfer of ore from
the ore pad to the crusher through the final thicken-
ing stage of the leaching operation.

b. Yelloweake areas are defined as those areas that
contain yranium extracted from the creina salution
form from the ion exchange or solvent extraction
stage through final packaging.

2. WORKING CONDITIONS UNDER WHICH BIDASSAYS
SHOULD BE PERFORMED

Routine bipassays are considered by the NRC staif to be
necessary for workers {1) routinely exposed to arborne yel-
lewezke or directly involved in maintenance tasks in which
yelloweake dust may be produced or {2) routinely exposed
to sirborne uranium ore dust. Baseline urinalysis bioassays
should be performed for each worker prior to initial assign-
ments for such work. Bioassays showa pe perfvnmed if theie
is any reasen to suspect un inhalation exposure exceeding that
resulting from exposure o an gverage yellowcake eoncentra-
tion? of 1019 LCi/mL (3.7 x 10°® Ba/mL) for a 40-hour
workweek or to &n average ore-dust concentration of 191 ?
yCi/mL (3.7 x 10°® Bq/mL) (based on the concentration of
gross alpha activity in air) for a period of 1 calendar quarter;
il respiratory protection is used to maintain inhalation expo-
sures below these guantities, bioassay should be performed
to verify the effectiveness of the respirators.

3. TYPES OF BIOASSAY

Urinalysis should be performed to monitor exposures to
uranium in ore dust as well asin yellowcake as they clear from
the kidney before elimination renders them undetectable. In
vivo thorax measnrements should be made to detect the pres-
ence of (1} the mere insoluble yellowcnke component and (2)
wranium in ore dust in the lung when air<ampling results indi-
cate an exposure excesding that resulting from e¢xposure to
such materials at an average concentration of 1019 yCifmL

1if these de finitiens do not apply to = specific milling operation,
the applicant may submit different definitions for conside ratlon.

Srhe 1% 1070 CifmL (3.7 % 10 BgjmL) value ix not exactly
consistent with the 0.2 mgfm? concentration limit for soluble ura-
nium in Footnote 4 of Appendix B to 10 CFR Part 20 because of
the rounding off of values in Appendlx B. Since the 1 x 107 12
LCifmL limit is more sestrictive, this value has been used in the cal-

_culation of all the sction levels {weeskly and quarterly) in this guide.
For compilance purposes, Footnote 4 to Appendix B sets theweekly
limit for soluble uranfum compounds, which can be converted ta
radlological units wsing the specific activity of natural uranium (6.77

%107 Cljg or 2.5 x 10 Da/g). As now defined in 10 CFR Fart 20,

the curle of natural wraninm differs from the original definition in

ICRP-2 (Ref. 7). The present definition of the curie of natural wrani-

wm in 10 CFR Part 20 refers to the total activity of all uranium bo-

topes in the natural braniom mixture, When natural wrenjum & Je-
fined to be 0.7115% by weight ***U and the ***U isassumed to be
in seculsr cquilibrinm with ¥* U, 1 Cl of natural ursnium iz com-
posed of 0.489 C1 ***U, 0.0225CH *'7U, and 0,489 CI 1y,

Actual percentages of **¥U may be 0.711 £0,1%.

.after such.indication,

(3.7 x 10°® Bq/mL) (based on the concentration of gross
alpha sctivity in 2ir) in a perod of 1 calendar quarter,

4, FREQUENCY
4.1 General Considerations

The prescribed frequency of urinalysis and in vivoe lung
measurements is a funetion of the dissolution rates of the
inhaled are dust or vellowcake in the Jungs, Workers in the
yellowcake concentrate apeas may be expostd to transient
levels of airtborne uranium that may cause chemical damage to
the kidney. Therefore, urinalysis should be performed with
sufficient frequency to detect such exposures before elimi-
nation from the bedy renders them undetectable, Guidance
on selecting appropriate frequencies is available in NUREG-
0874 (Ref. 1). The applicant may use the simplified system
of frequencies and action levels presented in this guide.

4.2 Urinalysis for Workers from Yellowcake Areas

Specimens from workers, regardless of whether or not res-
plratsry protestisn devieee were need, shonld he coliected
and evalusted at least once per month, and additional
special specimens should be collected and evaluated if for
any reason an inhalation exposure exceeding that resulting
from an exposure (o an average yellowcike concentration
of 1019 ,CijmL (3.7 x 10°® Bg/mL) for 2 40-hour work-
week is suspected or air sampling data are not available.

4.3 Urinalysis for Workers from Ore-Dust Areas Exclusively

Specimens from workers, regardless of whether or not
respiratory protection devices were used, should be col-
lected and evaluated at least once per month, and addi-
tional special specimens should be collected and evaluated
if for any reason an inhalation exposure exceeding that
resulting fﬂ:nm1 an gxposure to an average ore-dust concen-
tration of 107 pCijmL (3.7 x 10°® Bg/mL) (based on the
concentration of pross alpha activity in air) for a period of
1 calendar quarter is suspected.

4.4 In Vive Lung (Thorax) Measurements

The lung counting procedure should be capable of
detecting (at the lower limit of detection (LLD)) 9 nCi
(330 Bq) er less of uranium in the Jungs.

When urinalysis results call for in vivo measurements (sze
Section 5), they should be performed as quickly as possible
to determine if corrective measures are required.

When =it monitering or exposure calculations call forin
vivo measurements (see Secton 3), they should be per-
formed as quickly as practicable but no later than 3 months

—_———— s

4.5 NMeasurement Detection Limits

The measurement sensitivity for urine analyses should be
such that the LLD (for a probability of 0.05 foraTypeleora
Type Il statistical error) is 5 pg of yranium per liter of urine or

8.22-2




less (see Appendix A for an example of the determination
of LLD). The LLD for uranium counting in vive should be
9 i (330 Bg) or less of uranium in the lungs.

5. ACTION BASED ON BIOASSAY RESULTS

Bioassay results should be promptly and carefully reviewed
by qualified personnel, and appropriste action should be
taken if the results exceed preselected levels. The comrective
actions to be faken depend on the amount of uraniwm de-
tected, Action levels and actions in Tables 1 and 2 are gecept-
ahle as & hasis for a uranium mill bioassay program. Proposals
for other action levels and sctions from an applicant wall be
considered on a specific-case basis if accompanied by a de-
scription of how the mformation in NUREG-0874 (Ref. 1)
was used to derive those different criteria,

It should be assumed that any confirmed positive urinaly-
£i¢ results are anp indicstion of soluble wraniem to which the
kidney has been exposed.

5.1 Urinalysis for Workers from High-Fired-Yellowcake
Areas

The cormective actions io be taken depend on the
amount of uranivm detected and are given in Table 1. Fig-
ure 1 and other information in NUREG-0874 (Ref. 1) may
be used to determine acceptable action levels for a single
inteke as a function of time for werkers from high-fired-
yelloweake areas,

5.2 Urinalysis for Workers from Low-Fired-Yellowcake
Areas

The corrective actions o be taken depend on the
amaount of uranium detected and are given in Table 1. Fig-
ure 2 and other information in NUREG-D874 (Ref. 1)
may be used to obtain acceptable action levels for s single
intake as 2 function of time for workers from low-fired-
vellowcake areas,

5.3 Urinalysis for Workers from Ore-Dust Areas Exclusively

The corrective actions to be taken depend om the
emount of urenivm detected and are given in Table 1. Fig-
wre 3 and information in NUREG-0E74 (Rel. 1) may be
used to oblain scceptable action levels for a single intake
as a function of fime for workers from ore-dust areas.

54 In Vivo

It should be assumed that positive in vivo results indicate
the guantity of uranium in relatively insoluble form that
has sccumulated in the lung. Corrective action should be

taken in accordance with Table 2 of this guide.

6. TIME OF SPECIMEN COLLECTION AND AVAIL-
ABILITY OF RESULTS

Routine and special urine specimens for analysis of
uranium compounds pertinent to mill operations should
usually be collected at least 36 hours after the most recent

B.223

occupancy in the mill. The 36-hour delay is necessary to
avoid uranfum that is eliminated without uptake in kidney
tissues. (However, if compounds are encountered that mainly
produce a very short-lived component, Mormow (Ref, 3,p. 6)
recommends the use of two action levels: a 1 e/l Monday
maorning urinary excretion rate and &n exposure-associated
urinary output of 100 pg/L during the first 24 hours after
the exposure, Tables 1 and 2 would not necessarily be
applicable to these results.) Sufficlent volume should be
collected for four analyses, each of which should be czpable
of achieving an LLD of 5 pgfL {see Appendix Al

Urinalysis results should be avallable to the person
responsible for conducting the bipassay program within
20 days after specimeén collection. If the urinalyses are
performed by an outside laborstory, results exceeding 35
pe/L should be seported by telephone,

In wivo results should be aveilable to the person conduct-
ing the bioassay program within 20 days after measure-
ment. Resulis excesding 16 nCi (590 Bg) should be re-
ported by telephone.

% PREVENTION OF SPECIMEN CONTAMINATION?®
7.1 Collection

The specimens should be collected before the worker
enters the work arez and in an area free of uranium contam-
inatjon. The collection may occur at an area oulside the
mill specifically designated to be maintained contamination
free. The hands should be carefully washed prior to voiding.
Disposable collection containers should be used.

Under unusual circumstances where specimens cannot be
collected in this manner, the worker should shower immedi-
ately prior to voiding. When ashower is not pessible, dispos-
ble plastic or rubber ploves should be worn during voiding.

7.2 Laboratory Analysis

All laboratory analyses should be performed in a labora-
tory essentially free of uranium contamination wsing
containers and eqeipment essentially free of such contami-
nation. Both onsite and off=site laboratories should main-
tain the quality control procedures specified in Section & of
this gwide. Use of the laboratory, containers, and equip-
ment for process or enviromnmental samples should be
restricted to low-level samples. {Mote: The laboratory may
be loczted within the restricted area provided these condi-
tions are met,)

7.3 In Vivo Counting Precautions

For in vive measurements, employee and clothing con-
tamination-arc -major sources—eof-measurement -bias—Care-
st be taken to minimize these factors. Only new clothing
or clothing washed in a fecility separate from those used for

:'l he appropriate actions specified in Toble 1 should be taken
for any result that i eonfirmed by o second analysis even though
gpecimen contamination is telieved to be the cause of the clovated
result,




potentially contaminated clothing should be womn during
the in vivo measurement. If the in vivo measurement results
Indicate contaminstion, the subject should reshower, use
clean ¢lothing, and be recounted.

8., QUALITY CONTROL

A quality control program for bicaszay measurements
should be incorporated in cach uranium mill bipassay
program. A quality control propram consistent with that
recommended in the draft standard ANSI/HPS-N13.30
(Ref. 4) will be zcceptable. Alternatively, the following
specific quality control program for bioassay at uranium
midls will be acceptable.

8.1 Urinalysis

Each batch of specimens sent to the laboratory for
analyeis should be accompanied by at Ieast two control
urine specimens. When possible, these control specimens
should be taken from Individuals whe are not and have not
been ocoupationally exposed to uranium; otherwize simu-
lated controls known to contain a wranjum concentration
less than 1 /L may be used. Aliguots of each of these
control urine specimens should be taken; one should be &
“blank,” one should be spiked with uranium to obtain 3
concentration of 10 to 20 pg/L, and onec should be spiked
to 40 to 60 pe/l, the actual spiked concentrations being
recorded confidentially and not available to the analytical
laboratory, When results are received, the leensee should
ensure that each reading is corrected for the reading of the
corresponding blank, that the net reading of cach spiked
sample i recorded, and that an average of the percent
deviation of the spiked sample net reported values from the
“true" amount of spiked uranium sample is caleulated. The
percent deviation for the spiked samples accompanying
each batch of urine specimens should be within 30% of the
spiked values. Otherwise, the maost recent batch of affected
samples should be remun, and steps should be taken to
comrect the procedures for spiking or the procedures for
laboratory analyses, or both.

[n order to provide adeguate quality control within the
analytical laboratory as well as to provide a check on the
guality control propram of the mill, the analytical labora-
tory should duplicate the znalysis of 10% te 20% of the
samples received, including the blanks and spikes received
from the mill. In addition, the laboratory should measure
its own reagent and urine blanks and spiked standards as
appropriate to check its own procedures, provide its own
calibration factors, check its LLDs, and evaluate its results
for each batch, The laboratory should report the results of

its own blank and standard samples along with the other
results reported to the mill,

B.2 In Vivo

For in vivo measurements, & quality control program
using persons known to have no lung or systemic uranium
burdens and phantoms spiked with known amounts of
uranium should be used to test the counting system before
measurements on ¢ach group of employees,

9. USE OF RESPIRATORY PROTECTION DEVICES

Licensees using respiratory protection devices in accor-
dance with paragraph 20,103(c) of 10 CFR Part 20 are to
conduct bioassay programs in accordance with paragraph
20.103()(2) and NUREG-0041, "Manual of Respiratory
Protection Apainst Airborne Radioactive Materials™ (Rel, 5),

LUnder certain conditions, bioassay measerements should
bo performed to ensure the proper evaluation of personnel
exposure and to evaluate the actual effectiveness provided
by respiratory protection devices, If a worker wearing such
a devige iz subjected for a period of | week to an avera
cencentration greater than 107" uCijmL (3.7 x 107
Bag/mL), as given in Table 1, Column 1, of Appendix B
to 10 CFR Part 20 for soluble naturzl uranium, urnalysis
should te performed to test the actual effectiveness of the
device. This special bjoassay measurement should also be
performed if for any reason the magnitude of the exposure
that would have occurred if no respimatory protection de-
vice had been worn is unknown, The time that the sample
for this speclal measurement was collected should he
recorded; it should be consistent with the need to relate
bioassay results to kidney exposure (see Section 6).

The appropriate urinalysis or {n vivo measurement given
in Section 3 of this guide should not be reduced because of
the use of respiratory protection devices,

D. IMPLEMENTATION

The purpose of this section 1§ to provide information to
applicants and lcensees regarding the NRC stafl's plans for
using this repulatory puide.

Except in those cases in which an applicant or licensee
proposes an acceplable alternative method for complying
with specified portions of the Commission’s regulations, the
method described in thiz geide will be used in the evalua-
tion of existing bicassay programs of uranium mill licensees
or propesed programs of applicants for sweh Meeness
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Table 1

CORRECTIVE ACTIONS BASED ON MONTHLY URINARY URANIUM RESULTS*

Urinary Uranium

Concentration Interpretation

Actions

Uranium confinement and air
sampling programs are b
indicated to be adequate.

Less than 15 pef/l

Urantum confinement and air
sampling may nof provide an
adequate margin of sai'el:f.b

15 to 35 pgfL

Uranmum confinement and
perhips alr sampling programs
are not acceptable.”

Greater than 35 pg/l

Warker may have exceeded
regelatory hmit on intake.

Confirmed to be greaier
than 35 pg/L for fwo
conseculive specimens,
confirmed to be

greater than 130 pg/L
for any single specimen,
or air sampling indica-
tion of more than a
quarterly limit of
intake

None. Continue to review further bioassay results.

[

Cenfirm results (1epeat urinalysis),

1dentify the cause of elevated urinary uranium and initi-
ate additional conirol measures if the result is confirmed.
Examine air sampling data to determine the source and
concentration of ntake, 1T air sampling results are
gnomalous, investigate sampling procedures. Make correc-
tions if necessary.

Determine whether other workers could have been ex posed
and perform bioassay measurements for them.

Consider work assignment limitations until the worker's
utinary uranium concentration falls below 15 pgfL
Improve uranium confinement controls or respiratory
protection program as investigation indicates,

Tegke the actions given above,

Continue operations only if it 1s virtually certain than ne
other worker will exceed a urinary uranium concentra-
tion of 35 pgfl.

Establish work restrictions for affected employees or
merease uraninm confinement controls if ore dust or
high-temperature-dried yellowcake are involved,

Analyze bioassay samples weekly.

Take the actions given above.

Have urine specimen tested for albuminuria.

Ohtain an in ¥ive count if worker may have been exposed
to Class Y material or ore dust.

Evaluate éxposures.

Establish further uraninm confinement controls or
respiratory protection requirements as indicated.

Consider continued work restrictions on affected
employees until uninary concentrations are below 15 pgfL
and laboratory tests for albuminuria are negative.

B5es Figures 1-3 to adjust action levels for ather frequencies of bi

oassay sampling. The model used in NUREG-D874 (Ref. 1) employs

fractional composition values {F'l. F., F.) for Class Dy, Class W, and Class ¥ components of yellowcake compounds, The asaigned volues
i

in NUREG.087¢ are based on da
tipn are acceptable

m Evailable literatore. The use of alternative valoes of F
provided {1} detads regarding thew determination are described and mentidne

' 1-; , and F, specific for & particular opera-

!i.n empl

er exposure records (see para-

graph 20.401{c)(1) of 10 CFR Fart 20) and (2} the model as publshed in NUREG-0874 is then used int the determination of aliernathve

urinalysis [requencies and action levels,

meﬂr, If a person is exposed to uanivm ore dust or othe

r material of Class W or Y slone, refer to Sectlon & of NUREG-0ET4

ghout the possibiity of the need for conducting in vivo leng counts on selected personnel of about using alternative urine sampling times

pnd associsted sction levels computed wsing NUREG-0&74.

©{intess the result was entacipated ond caused by conditions alesady corrected.
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Tabie 2
CORRECTIVE ACTIONS BASED ON IN VIVO HESULTS®

Amount of
Uranium
Detected Interpretation Actions
Below 9 nCi May be below detection limit. Rely on urinalysis results to determine corrective actions
(330 Bg) This result does not necessarily {unless air sampling indicates quarterly intake limits are
indicate that vranium confne- exceeded for ore dust).
ment and air sampling programs
are validated,
S to 16 nli Confinement and air sampling L. Confirm result (repeat measurement within 6 months).
(330 to 590 Bq) programs should be examined.” Ensure {hat results are not cansed by body surface
Uranwm activity in lungs activity.
could be too high. 2. Examine air sampling data te determine source and
concentrations of intake, If air sampling results are
anomalous, investigate air sampling procedures. Make
corrections, if necessary,

3. Identify the cause of elevated activity and initate z2ddi-
ticnal uranium confinement control measures,

4. Determine whether other workers could have been
exposed and perform special bloassay measurements for
them.

3. Consider work assignment limitations that will permit the
lung burden to be reduced through natural elimination:
ensure that the lung burden does not exceed 16 nCi
{590 Bq).

Maore than 16 nCa Uranivem confinement and air 1. Within 90 days, take the actions listed above for 9 to
(590 Bg) sampling pﬁjohah]y are not 16 nCr (330 to 590 Bg).
acceptable, 2. Establish work restrictions for affected workers or
Uramum activity in the lungs should increased uranium confinement contral measires,
be reduced by Increased protection (Normally workers with a lung burden greater than 16 nCi
measures for the workers invalved. (590 Bq) are not allowed by their employer to resume

work in zirborne sctivity areas until the burden is
reduced to less than 9 nCi or 330 Bg.)

3. Perform indwvidual case studies (bioassays) for affected
waorkers,

4, Continue operations only when it is virtually certain no
additronal workers wiil exceed 16 nCi (590 Bqg).

®Ihe model used in NUREG-0874 (Ref. 1)employs fractional composition values (F,. F,, F,) for Class D, Class W, and Class ¥ compo-
nents of yelloweake compounds, The assigned values in NUREG-0874 are based on data ffom Svaifitle literature, The use of allernative valies
of F., F,, and F, specific for a particular operation are scceptable provided (1) detafls regarding their determination are deseribed and
mentloned in smpl:!wee exposirs records {see paragraph 20.401(c}{1) of 10 CFR Part 20) 3nd {2) the model 25 published in NUREG-0874 s
then used In the delermination of alternative unnalysis frequencles and action levels,

t:'Uln.'lvlllel the result was anticipated and cavsed by conditions already corrected,
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APPENDIX A

LOWER LIMIT OF DETECTION OF URANILEM

For the purposes of this guide, the lower limit of detec-
tion (LLD) is defined as the smallest concentration of
radigactive matenal in urine that has a 25% probability
(chance) of being detected when measurement procedures
are set so that the concentration level at which detection is
considersd shgnificant produces only a 3% chance of calling
a background reading @ positive sample® Radicactive
material fs then called “detected™ when the value oblained
fram an instrument reading 15 above the LLD and is thus
high enough to permit & conclusion that activity above the
system background is determined to be present. Thus, for 2
Muorometric measurement that may Include ¢ radiechemi-
cal separation in which the “hlank™ wrines fluctuate with a
standard deviation Sy, the LLD corresponds to en activity
that is defined as

4635y,

LLD = ——
EEvYe A

Where

LLD = the lower Lhmit of detection {1&/L or pCifL),
the standard devistion of fluctuations in
flugremeter blank measurements or count
rate {counts per second} for a specific time
of measurement and specific eliguot velume,

conversion or calibration factor to convert
wmts of 3. from instrument scale reading
units to mass or activity units; units of K
may be pafye or disec-pln if activity is
counted to obtan the final result (this term
s omtted il 5, I givin in microcuries
directly by use of a eslibration standard},

the counting efficiency (counts per disinte-
gration); it is 1 when a fluorometric standard
is measured in the same geometry as the
sample,

volume {in Liters) of eliquot taken from the
urine sample and added to the flux in the
fusion dish, Mote: As long &s the concentra.
tion of uraniem in the aliqnot is the same as
the concentration in the original urine sam-
ple, the volume of the original urine sample
does not affect this caleulation.

ery (il applicable),

*This definition of LLID was chosen to be consistent with the
NRC position previcusly stated in Tables 1 and 3 of Regulatery
Guide 4.8, “Envronmental Technical Specifications for Nuclear
Fower Flants.” The definition is also wsed in other regulatory guides,
among them 4.4, “Radiclogieal Effluent and Environmental
ponitonng =21 Uranlom Mils™, 8.14, “Pergonne] Nostron Dosim-
eters™; and 8,30, “Health Physics Serveys in Uranium Mils. ™

the [ractional radiochemical wield or recov-

the decay constant for the particular md:ia—
nuclide, and

3 =

the elapsed time between sample collection
gnd counting for correcting for radicactive
decay when decay dusing time t Is slgnifi-
eant, but decasy is mnegligible during the
Muorometric measurement.

EXAMPLE: LLD FOR URANIUM WHEN FLUOROMET-
RIC ANALYSIS 15 USED

This example is worked in terms of micrograms of nat-
ural uranium per liter of urine, The LLD could just as well
be caleulated in terms of microcuries of becguerels of ura-
mum per hter, A conversion factor of 6.77 x 107 uGjpg
(0.025 Bq/pgd for netural uranium can be used if the
uranmem quantity is known in micrograms. The quantity of
uranium added to the fusion dish will be determined, and

then it will be divided by the volume of urine in the ali-
guot taken from the total collected sample.

First, determine the standard deviation of the back-
ground measurement (blank urine) (which will approx:-
mate an estimate of the standard error of the everage of a
triplicate measurement if ealeulated as shown below). In
this example, urine samples were taken from 12 individ-
wals who worked in areas of the plant where no uranium
expozure could have occurred. For each of these “blank™
urines, three (tripheate) measurements were made, each
messurement consisted of taking 0.2 mL from an individ-
wal urine sample and pipetting it into & platinum dish con-
taining & MaF pellet, which was then fused and placed into
a fluorometer for measurement. The readings (in micro-
amperes in this case) of the three 0.2 mlL aliquots of each
individug! “blank® urine were then averaged,

The 12 tnplicate averages for the blank urines were:

Average Fluorometer

Readings (¥}
Sample Number, i {microamperes)
1 o
3 0.07
3 0.07
4 0.07
5 0
& 0
7 0.13
E— & — ——:13 -
9 0.17
10 a.10
11 0.13
12 ]

The standard deviation 5, (same a8 sn estimate of the
standard error of the triplicale average) may be calculated
by the foliowing equation (or a computer or caleulator pro-
grammed for this equation).

8.22-11



n —
s,,=%'_—]z’cg - x:‘)’**
1

n = the number of samples

xl = the average reading for triplicate i from sample

X = the average of all triplicate averages

For the data sbove, the standard deviation is:

S,= *0.0612 yA 3nd X = 0.0725 pA

Convert 5y to micrograms of uranium. On this flucrom-
eter, samples of pure U I:ZII;1 averaging 0.012 yg added to the
fuston dish gave readlngs in the flucrometer averaging 3,44
pA. The flucrometer will thus have a calibration factor
of 287 pAfpe U G The U O compound is 85% urannum
by weight (238X 3= 714, 16 % 8= 128, 714/847 = 0.5).
Therefore, the fluorometer will read 338 yA/pg of elemen-
tal uranium {287/0.85 = 338)

Now, the standard deviation in micrograms of uranium is
caloulated:

00612

. 00612 pA _ .
5y 338 uAJug =0.000121 pg of uranium.

If this is converted to microcuries using the conversion
factor given before, then

S, = 0.000181 pgx 6.77 x 107 uCijpg
= 1.23x 107% y0a (4,55 x 1078 By)

In the equation for LLD, the counting efficiency will be
L. {The term E is not applicable to a fluorometric analysis,)
The aliquot volume of 0.2 mL is used in the LLD equation
since the numerical value for each fluorescence reading is
refated to this volume of urine. Also, for a fluorometric
reading compared apgainst a calibration factor, the radio-
chemical yield is not applicable, and Y should be set equal
to I. The expenential term for radioactive decay, exp{-3),
will also be equal to 1 since the halllife of uranium iz so
long that the amount of decay between collection and
analysis will be negligible, Therefore, the LLDs in mass and
activity concentration units become:

4.65 x 0.00018)
LiDy, = ~“goooz — =4.21 pg/L

465x%1.23x 1070
LLB, = 0.0002

2.86 x 107® yCi/L  (0.106 Bq)

8.22-12



VALUE/IMPACT STATEMENT
J A draft valuefimpact statement was published with the final gnide has not been prepared. A copy of the draft
Proposed Revision ! to Regulatory Guoide 8.22 (Task value/impact statement is available for inspection and copy-
OF 0134} when the draft revised guide was published for ing for a fee at the Commission’s Public Decument Room
public comment in January 1987, No significant changes at 1717 H Street NW., Washington, DC, under Task OF
were necessary, $0 8 separate valuefimpact statement for 0134,
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AIR SAMPLING IN THE WORKPLACE

A. INTRODUCTION

Alr sampling in the workplace is an acceptable
method for meeting cenain of the survey and dose
assessment requirements of 10 CFR Part 20, “Stan-
dards for Protection Against Radiation.” For exam-
ple, 10 CFR 20.1204 sllows estimates of worker in-
takes of radioactive materials based ocn air sampling
and allows adjustments of derived air concentrations
(DACs) and annual limits on intake (ALIs) based on
the particle size distributon; 10 CFR 20.1501 re-
guires radiation surveys necessary to comply with the
regulations and to evaluate potential radiological haz-
ards; 10 CFR 20.1703 requires assessment of air-
borme radioactive material concentrations when respi-
rators are used; 10 CFR 20.1%02 requires posting of
airkorne radicactivity areas; 10 CFR 20.2103 requires
records of radiation surveys; and 10 CFR 20.2202
and 10 CFR 20.2203 require reporting of excessive
concentrations of or exposure to airborne raduwoactive
matenals.

This guide provides guidance on air sampling in
restricted areas (as defined in 10 CFR Pan 20) of the
workplace. In this gmde, the term “zir sampling” in-
cludes the collection of samples for later analysis as
well as real-time monitoring in which samples are
analyzed as they are collected. The guide does not
cover environmental or effluent sampling or the
analysis of samples,

In addition, this puide does not apply to activities
conducted under 10 CFR Part 50 at reactor [acilities.
Although the provisions of 10 CFR Pant 20 apply
equally to nuclear reactors and to other facilities, the
air samphng programs of reactor licensees are well es-
tablished, and the NRC is satisfied that the quality of
air sampling at nuclear reactors 18 adequate. There-
fore, no further guidance on air sampling is needed at
this time for reactor licensees.

Any information collection activiies mentioned
in this regulatory guide are contained as requirements
in 10 CFR Pant 20, which provides the regulatory ba-
sis for this guide. The information cellection reguire-
ments in 10 CFR Pant 20 have been cleared under
OMBP Clearance No. 3150-0014,

B. DISCUSSION

Adr sampling can be used 1o determine whether
the confinement of radicacuve materials is effective,
to measure airborne radioactive matenal concentra-
tions in the workplace, to estimate worker intakes, to
determine posting requirements, to determine what
proteciive equipment and measures are appropriate,
and to warn of significantly elévated levels of arrborne
radipactive materials. Il bioassay measurements are
used o determine worker doses of record, air sam-
pling may be used to determine time of intake and to
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determine which workers should have bioassay meas-
urements.

General guidance on air sampling for specific
types of lacilities is also discussed o several other
regulatory guides, including:

*  Repulatory Guide 8.21, “Health Physics Sur-
veys for Byproduct Material 2t NRC-
Licensed Processing and Manifacturing
Plants™

*  Regulatory Guide B.23, “Radiation Safety
Surveys at Medical Institutions”

®  Regulatory Guide .24, “Health Physics Sur-
veys During Enriched Uranium-235 Process-
ing and Fuel Fabrication”

®  Regulatory Guide §.30, “Health Physics Sur-
veys in Uranium Mills™

These facility-specific guides cover air sampling
in general terms, while this puide discusses air sam-
pling in more depth. Thus, the guides are comple-
mentary.

This guide provides recommendations on air
sampling to meet the reguirements of 10 CFR
Fant 20. Draft NUREG-1400, “Air Sampling in the
Workplace,™! provides examples, methods, and tech-
niques that the licensee may find useful for imple-
menting the recommendations in this puide. How-
ever, NUREG-1400 does not establish regulatory
positions or recommendations and should not be
used as a compliance document to establish the ade-
quacy of licensee programs.

C. REGULATORY POSITION

1. EVALUATING THE NEED FOR AIR
SAMPLING
The implementation of some sections in 10 CER
Part TN maw rannire nir complimg. T 00 gL
guide provides recommendations on when and what
type of air sampling is acceptable to meef the Pan 200
reguirements.

1.1 When To Evaluate the Need for Ajr

Sampling

As a general nule, any licensee who handles or
processes unsealed or loose radicactive materfals in
guantities that during a year will total more than
10,000 umes the ALY for inhalation should evaluats
the need for air sampling. (I the same material is
used repeatedly, multiply the gquantity used by the
number of times used.) 1f more than one radioactive

'Single copies of drall NUREG=1400 are available fres, to
Ihe extent of the supply. Submil & writien request 1o the Office
of Administeation, %Iilﬂbuliun and Mall Services Section,
U.5 Muclear Regulatery Commizsion, Washinglon, DC
20555, A inal version of NUREG=-1400 15 belng developed
and should be pubhshed in 1993,

material is used, the need for air sampling should be
determined by whether the sum of the quantities of
each divided by each respective ALI exceeds 10,000,
When quantities handled in a year are less than
10,000 times the ALIL air sampling generally is not
needed. (The basis for this value is that experience
has shown that worker intakes are unlikely to exceed
one one-millionth of the material being handled or
processed, as discussed in NUREG-1400.)

1.2 Air Sampling Based on Potential Intskes
and Concentrations

The extent of air sampling may be based on esti-
mates of worker intakes and on estimated airborne
concentrations of radicactive materials as shown in
Table 1. Estimates of potentia! intakes and concen-
trations should be based on historical air sampling or
bicassay data il these data are avallable. If the data
are not available, potential imakes and concentra-
tions should be estimated. Estimates of intakes and
concentrations should be based on 2 consideration of
(1) the quantity of radioactive material being han-
dled, (2) the ALI of the material, (3) the release
fraction for the radicactive material based on its
physical form and use, (4) the type of confinement
for the material, and (5) other factors appropriate for
the specific facility. The estimated prospective intake
provides only a guide to the appropriate types of air
sampling. The radiztion safety officer should use pro-
fessional judgment and experience to perform air
sampling appropriate for the specific situation.

1.3 Grab vs. Continucus Air Sampling

Alr sampling may be continuous during work
hours or intermittent (grab samples taken during part
of the work). When continuous sampling during the
work day is performed lor continuous processes, a
weekly sample exchange period is generally accept-
able (except for wvery short-lved radionuclides).
| RN NS N A iay UT aprpupnane
if airborne radicactive material concentrations and
Nuisanee gust eonceniratinns are bath ealarinaly ls=

en grab sampling is performed for continuous
processes, a weekly sampling frequency is generally
acceptable; however, monthly or quarerly sampling
may be acceptable for areas in which concentrations
of airborne radisactive materfal are expected 1o aver-
age below a few percent of the DAC. Grab sampling
would also be appropriate when operations are con-
ducted on an intermittent basis,

1.4 Alr Sampling When Respiratory Protective
Equipment Is Used
Air  sampling is required by 10 CFR
20,1703 (2) {3} (i) 1o evaluate airborne hazards when-
ever respiralory protective equipment is used to limit
intakes pursuant to 10 CFR 20.1702. Air samplers
that are located 1w determine worker intake are
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Table 1
Air Sampling Recommendalions Based on Estimated Intakes and Alrborne Concentrations

Estimated airborne
concentrations as a
fraction of DAC

Worker's estimated
annual intake as a
fraction of ALT

Alr sampling recommendations

Adir sampling is generally not necessary. However,
monthly or guarterly prab samples or some other
measurement may be appropriate 1o confirm that
airborne levels are indeed low.

Some pir sampling is appropriate. Intermitient or grab
samples are appropriate near the lower end of the
range. Continuous sampling is appropriate if concen-
trations are likely to exceed 0.1 DAC averaged over
40 hours or longer.

Maonitoring of intake by air sampling or biocassay is
required by 10 CFR 20.1502(b).

A demonstration that the air samples are representa-
tive of the breathing zone air is appropriate if

(1) intakes of record will be based on air sampling
and (2) concentrations arc likely to exceed 0.3 DAC
averaged over 40 hours (i.e., intake more than 12
DAC-hours in & week).

< 0.1 < 0.01
= 0.01
=0l < 0.3
= 0.3
finy nannl inrie a1
=5

fir samnies shanld br analveed Befare work TESImEs
the next day when potential intakes may exceed

40 DAC-hours in 1 week. When work is done in
shifts, results should be available before the next shift
ends, (Credit may be taken {or protection factors if a
respiratory protection program is in place.)

Continuous air monitoring should be provided il
there is a potential for intakes to exceed 40 DAC-
hours in 1 day. (Credit may be taken for protection
factors if a respiratory protection program is in
place.}

acceptable for this purpose. 1f the worker's job activ-
iy will be the main source of airbarne radioactive
material, the sampling should be done dunng the ae-
tivity, oot prior to the activity.

1.5 Prompt Analysis of Certain Samples

In snuations in which there is a potential for in-
takes 1o exceed 40 DAC-hours in a week, air samples
should be analyzed promptly on a daily basis. (In
evaluating the need for prompt analysis, credit may
be taken for respirator protection factors if 2 respira-
tory proteciion program is in place.) Sample results
should be avazilable before work resumes the follow-
ing day. When work is done in shifts, resulis should
be available before the next shift ends, prelerably
during the first half of the next shilt. For speczl or

nonroutine operations, an attempt should be made to
have analysis results available within one houar.

1.6 Continuous Air Monitoring

In situabions in which there is 3 potential for ac-
cldents to cause intakes exceeding 40 DAC-hours in
a day, continuous afr monitoring should be done.
When continupus air monitors with automatic alarms
are used, the alarm set points should be zet as low as
practical lor the work being conducted without caus-
ing excessive false alarms (e.g., more than once per
gquarter).Jf continuous air monitors with aulomatic
zlarms are used, check sources should be used
weekly 1o check that the monitor responds and
causes an alarm. Continuous check sources may also
be used, prowvided there is no interference with the
radwnuchde of interest, I the response is not within
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4 20 percent of the normal response, the monstar
should be repaired or recalibrated.

1.7 Establishing Airborne Radipactivity Areas

Alr samphng with samplers located to determine
worker intake may be used to determine whether an
area is an airborne radicactivity area. Any room, en-
closure, or area must be posted as an airborne radio-
activity area if (1} eoncentrations of airborne radio-
active materials are in excess of the DAC or (2) 2
worker in the area would be exposed to more than 12
DAC-hours in a week (10 CFR 20,1902 and
20.1003). To determine whether the concentration
exceeds the DAC over the short term, the sample
collection time should not exceed 1 hour. Shorter
sample collection times may be used if desired, but
they are not regured.

Areas should not be posted as airbome radicac-
tivity areas on the besis of unlikely accidents that
might cause the DAC 10 be exceeded, An airborne
radioactivity area should be established based on the
radioactivity levels normally encountered or on levels
ihat can reasonably be expected to coeur when work
is being performed.

1.8 Air Sampling vs. Bioassay for Determining
Intakes

IF sufficient datz to determine a worker's intake
are aveilable from both air sampling and bioassay
measurements and the results are significantly differ-
ént, the licensee should base the worker's intake esti-
mate on the data considered by the radiztion protee-
tion staff to be the most accurate.

1.9 Substitutes for Air Sampling

If experience indicates that worker intakes are
generally low, it may be acceptable to substitute other
techniques wn place of air samphng. For example,
when working with tritium, fodine, or other materials
that are easily and effectively detecied by bipassay, it
could be appropriate to eliminate all air sampling and
rely completely on binassays to measure intakes and
verfy confinement.

Z. LOCATION OF AIR SAMPLERS

Concentrations of airborne radioactive materials
in a room are generally not uniform. Concentrations
usually vary greatly Irom one location to another,
sometimes by orders of magnitude even for locations
that are relatively elose. Therefore, the location of air
samplers 15 imponant because inappropriately placed
samplers can pive misleading results,

This section apphes only to fixed-location and
portable samplers. [t does not apply 1o personal (la-
pel) samplers.

2.1 Purpose of the Measurement

" Before selecting a sampling locadon, the licensee
should decide on the purpose ol the measurement.
Examples of purposes are (1) estimating worker in-
takes, (2) verifying that the confinement of radioac-
tive materfals is elfective, (3} providing warning of
abnormally high concentrations, (4) determining
whether there is any leakage of radioactive materials
from a sealed confinement system, and (5) determin-
ing whether an airborne radioactivity area exists.

2.2 Determinalion of Airflow Palterns

Airllow patterns should be determined In order
to locate air samplers appropriately. The locations of
ventilation air inlets and exhausts and of sources of
airborne radipactive matenals should be noted in or-
der to determine the predeminant airflow patterns
and lLkely radioactive material transpon routes,
When sampling air in rooms with complex airflow
pauterns, it may be useful to use smoke tubes or
neutrally buoyant markers to determine airflow pat-
terns.

When sampling air in an airborne radioactivity
area to delermine the intakes of workers whose in-
take must be monitored under 10 CFR 20.1502(b),
smoke tubes or neutrally buoyant markers should be
used to determine airflow patterns from the source to
the worker's breathing zone. In some instances, the
use of larger smoke sources or neutrally buoyant
marker sources to observe airfllow patterns is desir-
able. However, observations of airflow patterns
should be omitied in areas of high external radiation
exposure if making the observations would result in
total worker doses (imernal plus external) that are
not as low as 15 reasenably achievable.

The airflow pattern detarminations should be re-
peated if there are changes at the facility, including
changes in locations of the individual work locations
and seasonal variations that might change airfllow pat-
terns, or if there is a reason to suspect problems. The
radiation protection stalf should be aware of facility
characteristics, operations, and changes that might
change airflow patterns. In addition, the location of
at least 10 percent of the fxed-location samplers
should be evaluated annuzlly to conlirm that their lo-
cations are sill appropriate.

1.3 Selecting Sampler Locations

Alr samples should be collected in airflow path-
ways downstream of sources of airborne radioactive
material.

When the purpose of the sample is to verify the
effectiveness of conlinement or 1o provide warning of
elevated concentrations, the sampling point should be
located in the girllow pathway near the release point.
These samplers do not have to be placed near the
worker's breathing zone, and thus concentrations
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might be considerably dilferent from the concentra-
tions In the breathing zone. IF the room has several
widely spaced sources ol airborne radioaciive mate-
rial, more than one sampling point may be needed.

When the purpose of sampling is to determine
worker intakes, each [requently occupied work loca-
tion should have itz own sampler. The air samplers
should be placed as close to the breathing zone of the
worker as practical without interfering with the work
or the worker. In addwion, air flow patterns in the
area should be considered in placing samplers so that
thoi sempulan in lilialy tn Bm in tho oiefon donmeteanm
of the souree and prior to or coincident with the loca-
tion of e worker. An estimate should be made of
the 1ime the worker spends at the work location {un-
less personal alr samplers are being used).

For hoods, plove boxes, and other similar enclo-
sures used to contain radipactive material, air sam-
plers may be installed slightly above head height and
in front of the worker or they may be installed on the
front face of the enclosure.

Mormally, air samplers intended to measure
workplace concentrat:ons should not be located in or
near exhaust ducts, because concentrations there will
usually be diluted compared to concentrations in
work areas. However, samplers may be located in
ducts if thewr purpose is to detect leakage from sys-
tems that do not leak during normal operation and if
quantitative measurements of workplace airborne
concentrations are not needed.

3. DEMONSTRATION THAT AIR SAMPLING
IS REPRESENTATIVE OF INHALED AIR

Section 20.1502(b) of 10 CFR Part 20 requires
monitoring of the intake of any worker whose intake
is kkely to exceed 0.1 ALIL Section 20.1204 allows
the use of air sampling, bioassay, or a combination of
both 1o determine a worker's intake,

3.1 MNeed To Demonstrate that Air Sampling 1s
Fepresentziive of Breathing Zone Alr

It should be demonstrated that the air sampled
is representative of breething zone air if all four of
the [ollowing conditions are met: (1} monitoring of
intake is required by 10 CFR 20,1502 (b) because an-
nual intake is hkely 1o exceed 0.1 ALL (2) the intake
of record will be based on air samphing rather than
bioassay, and (3) the exposure will occur in an air-
borme rachoactoity area where airborne concenira-
tions are likely to exceed 12 DAC-hours in a week,
and (4) lapel samplers or samplers located within
about 1 [oot of the worker's head are not used. (The
results from lapel samplers or samplers that are lo-
cated withon about 1 foot of the worker's head may
be accepted a5 representative without further demon-
sirateon that the results are representative.)

3.2 Demenstration that Air Sampling s

Representative

Four methods may be used to demonstrate
representativeness of the results from samplers that
are not located within about 1 foot of the worker's
head: (1) comparison with lapel sampler results (for
this eomparison, lape! samplers may be equipped with
cyclones with an eificiency of at least 50 percent for
particles with an aerodynamic equivalent diameter of
4 micrometers if the particles sampled are solubility
class W or Y).# (2) comparison with bloassay results,
f} :nmpaﬁsnn us::i multiplt measurements near the

reathing zone, and (4) comparison with gquantitative

airflow tests.

Table 2 describes the application of each of the
methods and includes acceptance criteria for deter-
mining whether sampling results may be considered
representative.

3.3 Corrective Actions il Sampling Results Are
Mot Representative

IF the method used to demonstrate representa-
tiveness does not show that the sampling results are
representative, the licensee should analyze the sim-
ation, determine the likely cause of the problem, and
fix the problem. The beensee should also correct
intake estimates made within the last year and subse-
quent to the previous demonstration of representa-
tiveness. To fix the problem, it may be appropriate to
relocate samplers to be more representative, apply
correction factors o correct sampling results, switch
to lapel sampling, or use bipassay measurements Lo
deterrmne intakes.

4. ADJUSTMENTS TO DERIVED AlIR
CONCENTRATIONS

MERC regulations in 10 CFR 20.1204(c) permit,
upon prier approval ef the NRC, the adjustment of
DACs 1o reflect the actual physical and chemical
characteristics of airborne radioactive materials.

4.1 .M!justing PACs Based on Measurements of
FParticle Size

If the licensee elects to request approval to ad-
just DACs based on measured activity median aero-
dynamic diameters of airborne particles, the following
information should be submitted:

1.  The need for the adjustment.

2, The radiwactive materfals invelved and
either their chemical form (f the chemical

Tamerican Conference of Governmental Industeial Hygien-
ists, Threrhold Lyt Velues for Chemicol Subslances and
Phyncel Ageats end Bwlogical Exporure Indices, Molice af
lntended Changes: Appendix D—Partlcle Size Selective Sam-
pling Criteria for Alrborne Particulare Matter, 1991, The
f-mucromeler crilenen 13 alse in the process of being adopied
by the Imtezpational Standards Orgomzation (I5Q) and (he
Eurapean Slandasdwatien Committee (CEN),
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Table 2

Metheds To Demonsirate the Representativeness ol Air Sampling

Description

- ) Method
L

D

1.

B

3,

4.

Comparison with
lapel samplers

Comparison with
binassay results

Comparison with
multiple samplers

Comparizon with
quantitative airflow
mEasurements

Tnclude: Workers whose annual intakes must be monitored under 10 CFR
20.1502(b) because intzkes are likely to exceed 10% of an AL and
whose dose of record will be based primarily on air sampling.

Comparison: Compare intakes measured by air sampling with intakes meas-
ured by lapel samplers for at least 1 week for conlinuous operations or for
several operations for repeated short-duration operations.

Accepiance criteria: The ratio of the intakes calculated from air sampling
divided by the intakes calculated from lape! samplers should exceed 0.7
when averaged for all workers included in the comparison. The ratio for
each individual worker should exceed 0.5, {The values of 0.7 and 0.5 were
selected 5o that the accuracy of intakes based on air samphng would be com-
patible with the accuracy expected of external radiation dosimeters.}

Include: Workers whese annual intakes must be monitored under 10 CFR
20.1502(b) becauss intakes are likely 1o exceed 10% of 2n ALI and
whose dose of record will be based primarily on air sampling.

Comparison: Compare the sum of the intakes determined from air sampling
with the sum of the intakes calculated from those binassay measurements.

Acceptance criteria: The ratio of the sum of the intakes caleulated [rom air
sampling divided by the sum of the intakes ealewlated from bioassay meas-
urements should exceed 0.7 when averaged for all workers included in the
comparison. The ratio for each individual worker should exceed 0.5 for each
individual worker.

{nclude: Work locations at which airborne eoncentrations are likely 1o
exceed 0.3 DAC and that are generally occupied by workers whose intakes
must be monitored and whose dose of record will be based on arr sampling.

Comparison: Use multiple samplers to take mezsurements at four or more
locations around the worker's head.

Acceptance criteria: The concentration determined by the [wed-locatian
sampler dwvided by the concentration averaged for all the multiple samplers
should exceed 0.7 for the work location.

Include: Work locations at which airborne concentrations are likely 1o
exceed 0.3 DAC that are generally occupied by workers whose intakes must
be maonitored and whose dose of record will be based on air samphng.

Comparison: Release a tracer material near the source release point. Meas-
ure its concentration with the fixed-location sempler and with another sam-
pler placed closed to the worker's head.

Acceptance orfleria: The concentration measured by fixed-location sampler
divided by the concentration of the sampler placed close to the worker's
head should exceed 0.7,
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compounds are ksted in Appendix B of Pan
20% or their solubility classes (D, W, or Y).
Describe how the chemical forms or solubil-
ity elasses were deétermined.

3. A graph of the adjusted DAC vs. activity
median aerodynamic diameter.

4. The method by which the activity median
aerodynamic diameter will be measured.

5. The locations &t which the measurements
will be made.

6. The frequency of measurements.

7.  Methods or techniques that will be used to
average resulis by location or time,

The following locations and Irequency of meas-
wrements are acceptable to the NRC. For an initial
determination of the adjustment, the licensee should
take the average of three measurements of the activ-
ity median aeredynamic diameter at er near each
work locaton or process. The licensee should then
determine whether the entire area or room can be
represented by a single actvity median aerodynamic
diameter or whether the area or room should be di-
vided into areas with different particle sizes. Afier the
initial determination of median diameter in each area
of the workplace has been made, the licensee should
reassess the median diameters by making another
measurement at approximately one-guarter of the
work locations at 6-month intervals, selecting differ-
ent locations each uUme. However, if two consecutive
reassessments do not show a substantial change in the
median diameter, reassessments may be annoal.
Reassessments should also be done after there have
been process changes hikely 1o affeet the size distribu-
tion of panicles. [f the activity median aerodynamiz
diameter has changed, the median diameter for the
area should either be reassessed or replaced with a
default value of 1 micrometer.

If the licensee elects to adjust the DAC based en
the size distnbution for shor-duration operauons,
such as special maintenance jobs, at least one meas-
urement should be made each time the job 15 done.
In the event of abnoemal or accident conditions, the
medizn diarmeter for normal operating conditions
may be assumed lor intake assessments.

4.2 Using Cyclones To Adjust Mezsured
Airborne Coencentrations

If the hcensee elects to request approval to use
cyclones or other particle size discniminaton samplers
to adjust the measured airborne concentrauons, the
following information should be submitted:

1. The need for the adjusiment.

2. The radicactive materials involved and
their chemical form (relative o the chemi-
cal forms listed in Appendix B to Part 200
or golubility elass (D, W, or Y).

3, A description of how the chemieal form or
solubility class was determined.

4, The type of cyclone, the type of sampler,
the air flow rate, and the cellection effi-
ciency of 4 micrometer parnicles at the flow
rate that will be used.

5. A list of locations or worker areas that will
be sampled using cyclones.

In general, this method is suitable for solubility
class W and Y compounds but not sclubility class D
compounds. Cyclones should have an efficiency of at
least 50 percent lor particles with an aerodynamic di-
ameter of 4 micrometers,?

4.3 Adjusting DACs for Solubility

NRC regulations in 10 CFR 20,1204 (c) permit,
upon prior approval of the NRC, the adjustment of
the DAC based on chemical characteristics. If the li-
censee elects to request approval to adjust DACs
based on particle solubility in the heman body, the
following information should be submitted:

1. The need for adjustment.

2, A description of how the solubility of the
material was determined.

3. A description of how the adjusted DAC was
determined.

4. The number and frequency of measure-
ments. (A frequency of atvleast annually i
recommended.)

5. MEASURING THE VOLUME OF AIR

SAMPLED

The accuracy of air sampling measurements and
the calibration of air sampling instruments is not ex-
plicitly dealt with in Part 20. However, it is imphed
that measurgments reguired by Part 20 must be suit-
ably accurate. This section of the puide describes ac-
ceptable methods 1o determine the volume of air to
be sampled to ensure suitable acouracy.

2.1 Means Te Determine Volume of Air
Sampled
All air samplers 10 be used for quantitative
measurements should have a means to determine the
volume of arr sampled. This recommendation applies
to fixed-locauen samplers, portable samplers, and la-
pel samplers.

5.2 Calibration Frequency and Methods

The licensee should calibrate zirllow meters at
least annually. Addwonal calibravons should be
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performed alter repairs or modilications to the meter
or if the meter is believed to have bven damaged.
The methods described in Section F of “Air Sam-
phng Instruments™® to calibrate arflow meters are
acceptzble to the NRC staff.

5.3 Uncertainty

The uncertainty in the volume of air sampled
should be less than 20 percent. The uncertainty, U,.
in percent may be calculated from the equation:

u, = [Uf + Uﬁ + I_l',,i]m
where:

U, = the percent uncerainty in reading
the meter scale

U, = the percent uncertanty m deter-
mining the calibration factor

Uy = the percent uncertainty in the
measurement of the sampling
time.

5.4 Inleakage

Alr samplers and associated sampling lines
should be checked for feakage of air into the sam-
pling line upstreamn of the flow measurement device
when they are calibrated for volume of air sampled.

5.5 Change in Flow Rate

If the flow rate changes by maore than & 10 per-
cent during collection of a sample, 2 correction
should be made by averaging the initial and the final
flow rates.

6. EVALUATION OF SAMPLING RESULTS

6.1 Detecting Changes in Air Concentrations
Over Time ‘

For fixed-location sampling whose purpose is 1o
confirm confinement of radivactive materials for rou-
tine or repeated operations, the results should either
(1} be analyzed for trends (for example, by control
charts} 1o determine whether awborne concentrations
are within the normal range and administrative and
engineering controls are thus operating properly to
maintain occupational doses as low as is reasonably
achievable or (2) be compared with administrative
action levels that serve as a basis for determining
when confinement 15 setisfactory.

6.2 Efficiency of Collection Media

If the efliciency of the collection media (such as
filers) for an air sample is less than 95 percem for
the material being collected. the sample result should
be corrected to account for radioactive rmaterial not

Tk Edmion, American Conlerence of Governmental Indus-
trial Hygiening, 1969, Coples are avalable fer purchase from
the ACGIH, 6500 Glenway Avenue, Building D-7, Cinein-
nati, Ohfo 45211,

collected by the collection media. If penetration of
radivactive material into the collection media or seli-
absorpticn of radiaton by the material collecied
would reduce the count rate by more than 5 percent,
a correction factor should be used,

6.3 Detection Sensilivity

The 10 CFR Pan 20 monitating criteria (i.e., 10
percent of the limit) do not establish required levels
of detection sensitivity {lower level of detection, mini-
mum detectable activity, minimum detectable con-
centration, etc.). For example, lapel samplers may
not be able to detect uranium concentratons of 10
percent of the DAC, but lapel samplers are still ac-
ceptable for measuring the uranium intake of work-
ers. The momitoring criteria should not be considered
requirements on the sensitivity of a particular meas-
urement because when the results of multiple meas-
urements are summed, the sum will have a greater
staugtical power than the individual measurements.
However, to achieve the greater statistical power, the
licensee should record 2l numerical values meas-
ured, even wvalues below “minimum deteciable
amounts”™ and values that are negative because the
measured count rate is below the background. Resulis
should not be recorded as “below MDA® or similar
Stalements.

If the licensee desires to calculate the minimum
detectable actvity of a single sample (MDA), 1t may
be calculated by use of the following equation:

2.71 + 3.29[RyT,(1 + T,/Typ)]M?
EKT,

MDA =

where: By = the background count rate
T, = the sample counting time

Ty = the background (or blank) count-
ing time

E = the hlter efficiency

K a calibration factor 0 convert
counts per minute into activity
{e.g., counts per minute per mi-

erocurie)

(The denvation of this equaton is deseribed in
NUREG-1400.)

If the proportion of the total activity of a sample
that is due to a specific radionuclide in 2 mixture is
known, the MDA f{or that radionuclide should be re-
duced proportionally:

MDA = AifA x MDA

where:

AfA = the proporton of the 1ol sample ac-

uvity from radwnuchde §.
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6.4 Deposition of Particulates in Sampling
Lines

If sampling hines are used Jor collecuing arborne
particulates, the bines should be as shor as possible
and should be made of a material not subject to sig-
nificant static charpe effects (e.g.. grounded metal).
However, up to several feet of flexable plastic tubing,
such as Lygon, may be used to connect the sampling
line 1o the sample collector. The penetration of parti-
cles with &n aerodynamic equivalent diameter of 10
micrometers should be at least 50 pereent. DEPOSI-
TION* software is an acceplable means of caloulating
penetration.

6.5 Annual Review of Alr Sampling
Measurements

Section 20.1101(c) of Part 20 requires that the
licensee periodically (at least snnually) review the
radiation protection program content and implemen-
tation. The review of the air sampling component of
the program should determine (1) whether the meas-
urements are accurate and reliable and (2) whether
changes should bée made to improve the measure-
ments. The review should be done annually and
should cover the prior year's activities. The annual
review of air sampling measurements may be com-
bined with reviews of other aspects of the radiation
protection program,

The annual review should include but not neces-
sarily be limited to:

1. Purposes and amount of air sampling: Was
the air samphng appropriate for the in-
tended purposes? Was there too much or
too livle air sampling done?

1. Location of Sampling: “Were f{ixed-location
air samplers located properly? Were grab
samnples taken with proper regard to airflow
patterns?

ANLK. Anand and A R. McFarland, *DEPOSITION:
Soliware [o7 Characte Aerosol Partiele Deposition in
Sampling Lines,” Draft NUREG/GR-0006, October 1991,
Sugle copies are available free, to the extent of supply, opon
written request 1o the Office of Infermation Resources Man-
agement, Distribution Section, U5, Muclear Regulatory Com-
rmussion, Washungion, DC 205535, A fmal version of NUREG/
GR=-0006 is being developed, For information on DEPOSI-
TIOMN soliware contacl. Aeresol Technology Laboratory, De-
pariment of Mechanical Engineering, Texas A&M University,
College Station, TX 77843, Anemion: Dr. Andrew R, McFar-
land. Telephone {40%) 845-2204.

3. Trends: Do trends in air sampling resulis
and worker intzkes indicate that confine-
ment of radioactive materials remains ade-
quate? Were prospective estimates of in-
take rezsonably accurate?

4.  Posting: 15 the posting of airborne radioac-
tivity areas appropriate?

5.  Procedures: Are written procedures still
suitable and up Lo date?

6. Adjustment of DACs: Were DACs adjusted
for particle size or sclubility? If so, are the
original adjustment factors still valid?

7. Correction factors: Were correction factors
gpplied to air samples to determine worker
intakes? If 50, are the comrection factors stll
valid?

. False alarms: Was continuous air monitor-
ing done? If so, did excessive false alarms
aeeur?

9. Representativeness: For air sampling done
to determine significant intakes, was the
representativeness demonstrated to be ade-
guate?

10. Changes: Have changes in air sampling pro-
cedures or equipment occurred that could
affect the quality of the measurements?
Have changes in the facility operation or
equipment occurred that could affect the
quality of air sampling measurements?

D. IMPLEMENTATION

The purpose of this section i3 to provide infor-
mation to applicants and licensees regarding the NRC
staff's plans for using this regulatory guide.

Except in those cases in which an applicant pro-
poses acceptable alternative methods for complying
with gpecilied portions of the Commission's regula-
tions, the methods described in this guide will be used
in the evaluation of zpplications for new licenses,
license renewals, and license amendments and for
evaluaung comphance with 10 CFR  20.1001-
20.2401.
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REGULATORY ANALYSIS

A separate regulatory analysis was not prepared
for this regulatory guide. The regulatory anzlysis pre-
pared for 10 CFR Part 20, "Standards for Protection
Apainst Radiatlon™ (56 FR 23360), provides the
" regulatory basis for this guide and examines the costs
and benefits of the rule as implemented by the guide,

A copy of the “Regulatory Analysis for the Rewvision
of 10 CFR Pan 20" (PNL-6712, November 195E), is
available for inspection and copying for a fee at the
NRC Public Dosument Room, 2120 L Street, NW.
(Lower Level), Washington, DC, as an enclosure to
Pan 20,
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HEALTH PHYSICS SURVEYS IN URANIUM MILLS

A, INTRODUCTION

Section 40,32, "“General Requirements for Issuance of
Specific Licenses,™ of 10 CFR Part 40, “Domestic Licensing
of Source Material,”™ states that the Commission wdll
approve am application to operete a uranivm mill If the
applicant is qualified by reason of training and experience
to be able to protect health and minimize danger to life and
property and if the epplicant’s proposed equipment,
facilities, and procedures are also adequate.

The following scctions of 10 CFR Part 20, “Standards
for Protection Agsinst Radiation," of the Commission's
regulations deal with the protection of mill workers:
§20,201 reguires adequate surveys, §20,100 limits worker
exposure to external radiation, §20.103 limits exposure to
girborne radicactive material in restricted areas, §20,202
requires personnel radiation dosimeters in certain Instances,
£20.203 requires posting of waming signs and centrolling
access to arcas with high radiation levels, §20.401 reguires
records of radiation surveys and personnel monitonng
reports, and §20.405 requires reports of overexposures,

This guide describes health physles surveys acceptable te
the MRC stail for protecting vranfum mill workers from
radiztion and the chemical toxicity of uranium while on the
job. The puidance can also be applied, in part, to other
types of uranium recovery facilities and portions of conver-
sion facilities sines some of the processes wsed in these
fagilities are similar to those 10 vranium mills.

The guide does nol cover surveys to prevent the release
af radioactive rmaterial to unrestricted areas or surveys to
measure the expeosure of the public to radioactive materials
in effluents, except for surveys of the skin and clothing of
workers leaving the mill and surveys of equipment and
packages leaving the mill.

Any puidance in this docement relzted to information
collection activities has been cleared under OMB Clearance
Mo, 31500015 and No, 2150-0013.

B. DISCUSSION

Repulatory Guide 3.5, “Standard Format and Content
of Licenst Applications for Uranium Mills,” outlines the
type of information that applicants for a uranium mill
license should include in their applications and suggests a
eniform format for presenting that information. This
regulatory  guide deseribes occupational health physics
(radiation protection) surveys acceptabls to the NRC
licensing steff that an applicant may use for describing
surveys in Section 5.5, “Radiation Safety,™ in Regulatory
Guide 3.5.

The contents of this guide are based to a significant
extent on NRC's current licensing practice. The contents af
this guide are also based to alarge extent onthe Intemztional
Atomic Enerpy Apency (TAEA) “Manual of Radiclogical
Safety in Uranium and Thorium Mines and Mills” (Ref. 1).
The NRC is also developing & repori on occupationsl
radiological monitoring at uraniom mills that will describe
how many of the surveys in this guide can be performed
properly. That report will be available in late 1983,

The subjects of respiratory protestion, uranium bioassay,
end programs for maintaining occeupational exposures to
radiation 25 low as reasonably achievable are not incleded
in this guide, Those subjects ere covered im Regulatory
Guide 8.15, “Acceptable Programs for Respiratery Protee-
tion,” Regulatory Guide 8,22, “Bivassay at Uranlum Mills,"™
end Regulatory Guide 8.31, “Information Relevant to
Enszuring that Occupational Rediztion Exposures gt Ureninm
Mills Are As Low As Is Reasonably Achievable”

C. REGULATORY POSITION
1. SURVEYS
1.1 Surveys for Airborme Uranium Ore Dust

Surveys for airbome uranium gre dust are necessary
(1) to demonstrate compliance with the quarterdly intake
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limits for workers specified in §20.103(a) of 10 CFR
Fart 20, {2) to meet the posting requirements for airborne
radioactivity areas in §20.203(d}, (3) to determine whether
precautionary procedures such as process or other engineer-
ing controls, increased surveillance, limitation on working
times, provision of respiratory protective equipment, or
other precautions should be considered to meet
£E£20.103(bX1) and {b)2), and (4) to determine whether
exposures to radioactive matenals are being maintaned as

low as Is reasonably achicvable as stated in §§20.1{e) and

20,103(b)2).

The concentration applicable to lmiting exposure to
girbome wranium ore duost in restrcted areas is glven in
paragraph 4 of the Note to Appendix B, “Concentrztions in
Air and Water Above Natural Background,™ of Part 20, If
gross alpha coenting of the air gample is performed, concen-
tration is 1 x 10" microcuries (uCi) of alpha activity per
milliliter (ml) of air. This concentration epplies to the alpha
emissions of umnium-238, uraniom-235 (negligible),
wrapium-234, thorum-230, and radium-226. ¥ chemical
separation of vranivm followed by zlpha counting, alpha
spectrometry, or fluorometric procedures are used to
determine the uranivm concentration alone, the concentra-
tion is Sx 10! pCy of uranium per ml of air. In mass
units the concentrition is 75 micrograms (ug)} of natural
uranium per eubic meter of air®* The vranium ore duost
concentration is applicable to areas where ore is handled
prior to chemical separation of the uranlum from the ore.
Where the ore crushing and grinding circuits, chemical
leaching areas, and yellowcaks areas are physically isolated
from each other, the ore dest concentration cbvicusly
zpplies to the ore handling areas.

Where cre handling and yelloweake processing are not
physically fsolated from each other, the concentration value
of 1 x Iu'muﬁfml may be used prowvided that gross alpha
eounting is performed. For other methods of analysis that
include only measurements of wranium it & necessary to
determine the fraction of the alpha activity that is due to
ore dust, For example, in a mill that produces little ore dust
because it has a wet ore grinding process but has significant
emissicns from yellowcake processing equipment, the
natural wranium conzentration of 1 x 1077% peY of natural
UTATLIUM PET T OF AT 107 LU0 Ug of soluble natural uranivm/
rna'"} may be applicable throughout the plant, To know
when urenium ore dust concentrations are sufficiently low
to allow use of this imit for natural uranium, paragraph 5
of the Note to Appendix B to Part 20 should be consulted,
If wvranium ote dust concentrations are below 109 of
the applicable concentralion value in Appendix B af
Part 20 (ie.. below 5x 10712 pCifmi), vranivm ore dust
may be considered to be not present, and the appropriate
value for natural uranium (1 x 107'% pCifmi) may be vsed
instead, Il ore dust concentrations exceed 10% of the

Micrograms of wranfum can be converied to mictoguries by
using thl:uﬁi-eciﬁc activity of nalwral uranium: 6.77 x lﬁ'ﬁTﬁJ .

L)
'I'hﬂlpdm standard for airborne soluble natyeal uzranlum ls
100 fgim Hu‘ﬁ.plrln that walus b‘r 677 x m_’-}' il H]
1.35x ln'f“mijml. T Foh rounded down te give the Appendix B
concentration of 1 = 10-1% pCifmi.

Appendix B wvalue, the altborne mixture may either be
considered entirely ore dust (for which the concentration
value of § x 10712 pCifml applies) or a mew concentration
value for the mixture, MPC,,, may be caleulated wsing the
Tollowing equation:

inu fvl;u:l
+
MPcnu MFﬂcd

MFI’_‘m =

where;

MPC,,

regulatory concentration value for nateral
uranium

HPﬂgd = regulatory concentration value fin radio-
metric units) for natural uranjum in ore dust

fnu = fraction of alpha activity from natueral
uranium as yellowcake,

ie., cnu‘r({"nu + cﬂd}

L = fraction of alpha activity from natural uranium
in ore dust, ie,, CoallCp + G

Slnce this equation would only be used with the 5 x jo-1
pG/ml value of Ty, {4 Is caleulzted as the fraction of the
uranivm elpha sctivity only, This equaticn wes derived
from, and is thus equivalent to, the Inequality shown in
paragraph 1 of the Nole to Appendix B, 10 CFR Part 20

(see Appendix A of this puide),

In areas thet are not “airborne radiozctivity areas," an
accepteble sampling program for airhoree uranium ore dust
inclades monthly grab samples of 30-minutes durztion in
worker-occupied areas while ore is being actively handled.
As an alternative, weekly grab samples of S-minutes dura-
tion each using a high-valume sampler (roughly 30 cfm) are
acceptable as long 2z the licensee can demonstrate that the
volume sampled is pocurately known. The quantity of ar
sampled and the method of snalvsis should allow a lowsr
limit of detection (LLD) of § x 1072 p(y of natural
uranium per ml of air (or 7.5 pg of uranjum per m” of gir),
Appendix B to this guide shows how to caleutate the LLD
when a fleerometric anelysis for uranivm is used. If any
area is an “airborne radipactivity area,”™ oz defimed in
§20.203(d), 30-minute samples should be taken weekly If
workers occupy the area, Outdoor areas such a5 the ore pad
should be sampled quarterly,

Only ore dust samples represeniative of the air inhaled
by the workers present are acceplable. Samples taken at a
height of about 3 to 6 feet between the source and the
worker are normally considered representative, Samples
should be taken while normal ore handling is taking place.
The state of operation of major equipment during sampling
shoutld be recorded. In large rooms, several locations should
be sampled. Special breathing zone sampling (lapel sampling
or other sampling of the immediate breathing zone of a |
particular worker) ie not necsssary for ore dust,
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During the first year of operation, new mills will nesd a
more extensive zir sampling pregram than eperating mills to
eterming what locations provide measurements of the con-
tration representetive of the concentration to which

1y orkers are exposed,

Samplé analysis should usvally be completed within two
working days after sample ecollection. Unusual results
should be reported promptly to the Radigtion Safety
Officer (RS0D).*

Regulatory limits on the intake of ore dust are discussed
in Sestinn C.3 of this guide.

1.2 Surveys for Airborne Yelloweake

It is penerally accepted thet uranium dissolved in the Iung
or absorbed by the gastrointestinal tract enters the blood-
stream and i excreted or distributed to various body organs,
The rate of dissolution for yelloweake sppears to depend on
its temperature history. Yellowcake dried at low temperature,
which iz predominantly composed of ammenium divranate,
dissolves more quickly than yellowcake dried at higher
temperature; and a relatively large fraction is rapidly trans-
ferred to kidrey tissues (Refs, 2-4), If the intake of such
yellowcake is controlled to protect the kidney from the
chemical toxicity of wranivm, radiclogica! protection criteria
for patural vranium will alse be satisfied. For purposes of
compliance with 10 CFR Part 20, yelloweake undried or
dried at low temperature should be classified a3 soluble,

Yelloweake dried st high temperaturs is 3 mixture of

mpounds, which contains a muejor portion of more
nsoluble ursnivm oxides. Radistion dose to the lung and
other organs is the limiting consideration rather than
chemical toxicity primarily due to the Jarge insoluble compo-
nent. For compliance purposes, yelloweake dried st 400°0
and above should be classified 23 Insoluble (Refs. 5 and 6).

Solubility classification is important with respect to com-
pliance with the Commission's weekly intake regulations for
soluble wrzninm, Parzgraph 20.103{e)(2), in connection with
footnote 4 of Appendix E to Part 20, impases a weekly Intake
limit of 0.0065 pCi (9.6 me)} for soluble vranium. I this
limit is exceeded during & calendar wesk, an overexposure
has ocourred.** A weekly overexposure limit is imposed
because hazardous conditions must be corrected quickly
where chemical toxicity to the kidney may be Involved,

Salubility classification is not an important censideration
from the viewpoint of complying with the Commission's
quarterly intake limits for natural uranivm, Paragraph
20.103(a)1), footnote 3, requires thet every guarierly

‘I'ht tille "Radiation Safety Officer™ ls weed by many licensees
and, in this guide, means the person responsible for condw
health phyiies survey programs; othér titles are equally seceptable.

L)

In_connectlon with the 000635 weekly Hmit and the
00631270 gquarterly Limit, note that 00063 multiplisd by 13 does
oot yield 0.063, 85 world normally be expected, The reason fs as
I'-uym The ﬂ.nﬂdiﬂ]ﬂi weekly limit i3 derived from the 20
m* value gpecified in footnots 4 af Apf B. The ©063
gquarterly i derived from the I";t ot pCifml value from

olumn L, Appeadix B, The | x 107 valye confains & roundofl
ﬁn‘f that essentially accounts for the anomaly,

R

intake limit be calculated as the product of the Appendix B,
Column 1 concentration end the constant 6.3 x 10% ml
(which is the astumed number of milliliters of alr inhaled

- by a worker, while on the job, q,uring one calendar quarter),

The concentration value for "either soluble of insoluble
natural uvranium i 1 % 10°0° uCifml of air. Thus, the
quarterly intake Umit for any type of yellowcazke is
0.063 pd (approximately 93 mg) of urenium.* If this
walue js exceeded, an overexposere has occurred,

The regulations for inscluble wraniom do not contain
overexposure limits based on the weekly intake. However, a
weekly control measure is specified in §20.103{b)2),
which is applicable to insoluble natural wranjum, such as
velloweake dred at high temperature, Tt is not 2 viclation
of the NRC's regulations if a worker's intake of insoluble
uranivm exceeds the equivalent of 40 hours at a concentra-
tion of 1 x 107!? yCifml in any period of seven consecutive
cays, for a single time, However, failure to make an evalua-
tion of an eccurrence, take appropriate actions to ensure
against recurrence, and maintain the required records is &
violation of §20.103(b)(2).

Thus, surveys for aitborne yellowcake are necessary to
demonstrate compliance with the weekly and quarterly
intake Limits in §§20.103(a}{1) and (a){2). Surveys are also
necessaty to establish the bounderies of airborne radicac-
tivity arcas and to determine whether survelance, limita-
tion on working times, provisions of respiratory equipment,
or other precautions should be considersd in compliance
with §20.103(b).

The recommended servey program for yelloweake uses a
combination of general air sampling znd breathing zone
sampling during operations that may involve considerable
intake such as thoss that require a special work permit,

Grab samples for yellowcake with a duration of 30
minutes should be performed weekly in airbormne 1adio-
activity areas and monthly in areas not designated as
dirborne radicactivity areas. As an alternative, weekly grab
samples of S-minutss duration wsing a high-volume sampler
{roughly 30cfm) are acceptable in areas that are not
afrborne radioactivity aress instead of monthly 30-minute
samples as long as the licensee can demonstrate that the
volume of air sampled is accurately known. The increased
duration of surveys in airborne radicactivity arcas should be
performed to meet the requirement in §20.103(b)2)

- for increased surveillance in such areas.

Breathing zone sampling for speeific jobs should be used
te monitor intakes of individual workers doing special high-
exposure jobs if the special jobs are likely to involve more
than 10 MPC-hours** in any one week. An example of 2
Job during which such breathing zone sampling may be used
is maintenznce of yelloweake drying and packaging
equipment,

* 10 peymly 6 ® = 0.06 .
n.naa! ;’l:liu-I 677 % m"'i ,t.ﬁ'.‘i?ﬂfa :09.3 x"i'ﬁ*";.ﬁ' =93 m’..tﬂfqmﬂw

"M‘.PC is tha acronym for maximum permbssible concentration.
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Samples should be representative of the air inhaled by
the workers. The state of operation of major squipment
during sampling should be recorded,

The guentity of alr sampled and the method of analysis
should allow a lower limit of detection of at least 1 x 1071 pou/
ml (10% of the Part 20, Appendix B concentration). Appen-
dix B to this guide shows a caleulation of the LLD,

Sample analysiz should usually be completed within
2 working days after sample collection to permit prompt
corrective ection if needed. Unuspal results should be
reported promptly to the RSO,

1.3 Surveys for Radon.222 and Its Daughters

In uranivm mills, significant concentrations in air of
radon-222 and its daughters may occur near ore storage bing
and crushing and grinding circuits or anywhere large quantitics
of ote are found, particularly dry are. Inaddition, any poorly
ventilated room can have high madon® daughter concentra-
thons even if large yunililes of ore are not presenc.

MNRC regulations permit measurements of concentrations
of either radon itself or the radon daughters, Thus cither
type of measurement ks acceptable. However, at wranium
mills, measurements of daughters are considered by the
staff to be more approprate, Measurements of radon
daughter concentrations are more appropriste becanse
radon daughter concentrations are both casy to measure
and because radon daughter concentrations are the best
indicator of worker dose, The dose from radon will be
negligible in comparison with the dose from radon daughters
(Bef, 7, p. 78, and Ref, 8),

Monthly measurements of radon danghter concentrations
should be made where radon daughters routinely exceed
10% of the limit or 0.03 working level (ie., the radon
datghier concentrations are considered to be present
according to paragraph 5 of the MNote te Appendix B to
Part 20). If radon daughter concentrations are normally
greater than 0.08 working level (25% of Limit) or radon
concentrations are above & x 107% pCifml (8 pCifl), the
sampling frequency should be increased to weekly, Sampling
should continue to be performed weekly until four conses-
utive weekly samples indicate concentrations of radon
daughters below 0.08 working level or radon below
gx 107 MCifml (B pCyl). After that radon daughter surveys
may be resumed on a monthly basis,

Quarterly sampling for radon davghters should be made
where previous measurements have shown the daughters are
not generzlly present in concentrations exceeding 0,03
working level {10% of the lmit) but where proximity to
sources of radon daughters might allow them to be preseat.
For example, quarterly measurements might be appropriate
for a shop area attached to the crushing and grinding cirewuit
buflding,

‘Tht term “radon® used In this guide means “radon-222."

Radon dawvghter samples should be representative of
worker exposures, Samples should be taken nesr locations
where workers are mast often present. The state of operation
of major equipment during sampling and the time of day,
the sample was taken should be recorded,

The lower limit of detection for radon daughter measure-
inents should be 0,03 working level so that concentrations
defined as being present in paragraph § of the Note to
Appendix B to Part 20 can be detected, Appendix B of
this guide shows how to caleulate the LLD for a radon
daughter measurement, Measured values less than the lower
Bmit of detection, including negative values, should still be
recorded on date sheets. The lower limit of detection is set
high enough to provide 2 high degree of confidence that
#5% of the measured values above the LLD truly represent
radon daughtérs and are not “false positive™ values, How-
ever, the most accirate average for a sampling location is
obtained by averaging all representative values, including
values obiained that are below the lower limit of detection.

The medified Kusnetz method for messering radon
daughter working levels is g suitable method for uraniem
mills. The procedure consists of sampling radon daughters
on a high efficiency filter paper for 5 minutes and, after a
delay of 40 to 90 minutes, measuring the alpha counts on
the filter during a 1-minute Interval. The otiginal Kusnetz
method measured the zlphs count rate, In the modified
Kusnetz method, the rate meter is replaced by a scaler,
This improves the sensitivity to a practical Jower limit of]
(.02 working level for a I-minute count on = 10-diter
{6.0] cubic meter)sample. Thisis about a factor of 10 lower
than that originally obtained wsing the original Kusnetz
method, A 4-minute count gives a lower limit of about
0.003 working level (Ref, 1), High efficiency membrane or
glass fiber filters should be used to minimize loss of alpha
counts by absorption in the [iter, However, a correc-
tion factor to account for alpha absorption in the filzer
paper should still be used. Care should be taken toe avoid
contamination of the elpha counter,

The modified Kusnetz method is discussed n more
detail In References 1 and 9, Other scceptable methods
discussed in Reference | arc the criginal Kusnetz method
with greater than 10 liters of air sampled, the modified
Teivoglou methed, and the Rolle method, The modified
Tsivoglou method is slightly more accurate but is alse more
complicated than the modified Kusnetz method, The Relle
method is quicker than the Kusnetz method, but is less
sensitive, Alpha spectroscopy yields acceptable results, but
the instruments are expensive and fragile and lack portability,
Recently, “instant working level™ meters have been devel-
oped, which have the advantage of speed, These are also
acceptable if an LLD of 0.03 working level can be achicved.

1.4 Sorveys for External Radiation

Maost, but not all, mill workers receive external gammal .

radiation doses of less than 1 rem per year (Ref, 1), Gamma
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rudiation exposure rates are penerally below | millircentgen

per hour (mE/hr) in contaet with incoming ore and are

ut 1.2 mRE/hr in contact with fresh velloweake (Ref. 1),

rng the bulldup of the uranivm daughters thedum-234

d protactinium-234 In fresh wyelloweakes, the fadiation

levels increass somewhat for several months following
velloweake preduction.

Gamma radiation surveys should be performed semi-
gnnually throughout the mill at locations representative of
where workers are exposed in order to ellow determination
of *“radistion area™ boundarfes in accordance with
£20.203(b) end to determine extemal radiation desimetry
requirements, in accordance with §20.202. At new mills, ¢
gamma radiation survey should be performed shortly after
plant operstion starts,

If the semiannual survey 1eveals any areas accessible to
persennel where the gamma exposure rates are high cnough
that a major portion of the body of an individual could
receive a dose in excess of 5 mrem in any hour or & doss in
excess of 100 mrem in any 5 consecutive days, the arce
must be designated a “radiation area,” as defined in
§20.202(b)2). For example, if the maximum time any
individugl worker spends in a Toom in 2 J-day period i
40 hours, thercom will be & “radiation srea™ if the exposurs
rate exceeds 2.5 mR/hr. Few mills will have radistion doze
rates this high, but such dose rates have besn found where
radium-225 builds up in part of the circuit.

The survey frequency in radiation areas should be

yarterly. Survey measurements should be representative af
\Jhem workers might stand so that their whole-body

adiation exposuses can be estimated. Thus, measurements
should peperally be made at about 12 inches from the
surfeces.® Use of surface “contect™ exposure rete measure-
ments are not required for establishing radiation area
boundarigs or estimating personnel whole-body exposures
becazuse these exposures would not be represenfative of
the exposures workers would receive,

A list of the radiation levels in each area of the plant
should be prepared after cach survey, The number of areas
on the list should be held to a manageable number, In
peneral, a minimum of 20 survey locations is necessary to
charagterize the radiation levels in the mill.

To determine the need for personnel monitoring, quarterly
radiztion exposures expected for each category of plant
worker should be calculated from the measured radiation
levels and predicted occupancy times. If the calenlated
quarterly gamma ray doss forany individual worker exceeds
031 rem, §20.202 of 10 CFR Part 20 requires that the
worker wear = personnel radistion dosimeter (e.g., film
bedge or TLD), In addition, pessonne!l monitoring should
be wsed for at least a l-year period to verfy the survey
results even if predicted levels are below 0.31 rem. When

*see § 20,204(z) and Item cm of Regulstory Gulde 10.6
“Guide for the Freparation of Applications for Use of Sealed
Otm; end Deviess Tor Pert ustrian mdbp.m"

frasikle, the personnel monitoring results should be corre-
lated with the gamma survey results as & crosscheck on
each.

In addition to gamma surveys, beta surveys of specific
operations that involve direct handling of large quantities of
aged yellowcake are advised to ensure that extremity and
skin exposures for workers who will perform those opera-
tions are not urduly high, Beta surveys should be used to
determing the need for profective clothing for these opera-
tions (e.g., thick rubber gloves), Beta surveys should also be
used to determine if procedures could be changed to reduce
bets dose while still allowing the worker to do the cperation
efficiently. Because of these needs, beta dose raies, unlike
gamma dose rates, are usually measured on the surfzce and
at short distences rather than at 12 inches. Beta surveys
need be done only once for an operation but should be
repeated for an operation any time the eguipment or
operating procedure is modified in 2 way that may have
changed the beta dose that would be received by the
worker,

The beta dose rate on the surface of yellowcake just
after separation from ore is negligible, as shown in Figure 1;
but this dose rate rises steadily thereafter. The beta dose
rate from yellowcake aged for a few months after chemicsl
separation from the ore fo that eguilibrium with protacs
tinium-234 and thorium-234 has been reached is sbout
150 mremfhr (Ref. 10). Figure 2 shows the beta dose rate
from zged yelloweake a3 a functon of distance from the
surface (Ref. 10). The diameter of the velloweake source
used to messure the dose rates shown in Figure 2 was
9.5 cm. Rubber werk gloves (thickness: 0.04 em or
50 mgfem®) will reduce the beta dose to the hends frem
aged yellowcake by sbout 15%. Extremity monitoring is
required by §20.202(z) for any worker whose hand dose
would exceed 4.68 rems in 2 guarter.

In the case of beta surveys, it is usually acceptable to
substitute evaluations of beta doses based on Figures | and
2 in place of surveys using radiation survey instruments,

It showld be noted that commercially svailable film
badge and TLD services often have not been able to measure
beta radistion in the mixed beta-pamme field of 2 eranium
mill (ses, for example, Tables A-11 and A-12 of Refers
ence 11 and Tables 6 and 9 of Reference 12), Workers® beta
doses should be estimated from the beta surveys described
above rather than from personnel monitoring reports.

1.5 Surveys for Surface Contamination

NRC regulations provide no specific limit on surface
contamination levels in restricted sreas. However, yvellow-
cake or ore dust lying on surfaces can become resuspended
and contribute to the intake of radionuclides, which is
limited by §20.103{a).

In ore handling areas, surface contamination is not a
problem because of the very low gpecific activity of the ore,
In fact, cleanup attempts by methods such as sweeping are

B.30-5
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Ovels excesd the values shown in Table 1.

likely to produce 2 more serious hazard through resuspen-
sion in the gir than if the ore dust were allowed io remain

where it lies. When necessary, eleanup may be performed .
y hasing down the ore dust into floor sumps or by using .

cuurm suction systems with filtered exhausts.

In leaching and chemical separation areas there is uszally
little dust and lLittle difficulty wath surface contamination.

In the precipitation eircuit and the yelloweake drying
and barrelling areas, surfece contamination can be a problem
because of the concentrated nature of the yelloweake, The
Internationa]l Atomic Energy Apeney (IAEA) recommends
(Ref. 1) 2 limit for alpha contamination on such areas as
walls, floors, benches, and clothing of 107 pCijem?
(220,000 dpmf100 cm?®), which i equivalent te shout
2 mgfem?® of natural vranium. Besed on experence, the
TAEA concluded that if surface contamination levels are
kept below this value, the contribution to sirbome radio-
ectivity from surface contzmination will be well below
applicable limits, The British National Radiclogical Protec-
tion Board also recommends & limit of 107 uGifem? for
uranium alpha contamination in active areas of plants
(Ref, 14), based on calenlations using resuspension factors
rather then cxperiznce,

The NRC staff considers surface contamination levels of
107 pCifem?® acceptable to meet the ALARA concept in
uranium mills, The levels are low encugh to ensure Littls

tribution to airborne radioactivity, yet are practical

meet. Such an amount of yellowesake surface contamina-
tion is readily visible because of the low specific activity of
urapium and does net require a survey instrument for
detection. It isrecommended that surfeces where yelloweake
may accumulate be painted in contrasting colors because
surveys for surface sontamination in work areas are visual
rather than by instrument. Surfaces painted prior to the
implementation date of this guide nced not be repainted
merely to meet this recommendation, However, when such
gurfaces are repainted they should be painted in cantrasting
calors,

In yellowcake areas daly visual inspections should be
made for locating yelloweake contamination on surfaces,
Visible yellowcake should be cleaned up promp tiy, especially
where contzmination will be disturbed and resuspended on
wilkways, railings, teels, vibrating machinery, and similar
surfaces, Spills should be cleaned up before the vellowcake
dries s0 that resuspension duting cleanup will be lessened,

In rooms where work with wranium is not performed,
such g5 ealing rooms, change rooms, contral rooms, and
offices, a lower level of surface contamination should be
maintained. These areas should be spotchecked weekly for
removable surface contamination using smear tests. The
ereas should be promptly cleaned if surface contamination

£30-7

TABLE 1

Surface Contamination Levels for Uranium and Daughters
en Equipment To Be Released for Unrestricted Vse,
Clothing, and Nonoperating Arens of Mills*

Average 5,000 dpm alpha  Averaged over ne more
per 100 em™ than 1 m?

Maximum 15,000 dpm elpha  Applies to an ares of
per 100 em? net more than 100 em?

Removable  1,000dpmalpha  Determined by smearing
per 100 em? with dry filter or soft

absorbent paper, apply-
ing moderate pressure,
and assessing the amount
of radicactive material
ofn the smear

Note: The contaminastion levels are given in units of dpm/100 cm2
beeause this is the minimum erep typically surveyed. B pere
fi a min.r oo wipe fest, the area should very roughly approod-
mate 120 em*. However, thers i no need ta be very precise about
the arza to be smeared,

-

These valiees are taken from: Repulatory Guide 1,8 &, “Termination
of Operating Licenses for Nuclear Reactors,” and “Guidelines for
Decontamination of Facilities and uipment Prior to Releass for
Unrestricted Use or Terination of nstes for Byproduct Source
of Special Nuelear Material,” Divislon of Fusl Eycr:amd Material
Sa.fzi]gr. USNRC, Washingion, DO, 26855, Movember 1976, Avail-
ﬂélt o NRC Public Document Reom for inspection and ecpying for
a lee. X

L& Surveys for Contamination of Skin and Persons] Clothing

Contamination of skin and personal clothing should ke
controlled to prevent the spread of contamination to
unrestricted areas (e.g., the workers” cars and homes).
Alpha sadiation from vranium on the skin or clothing is not
2 direct radiation hazerd because the alpha particles do not
penctrate the dead layer of the skin. Rather, urzrium is
primarily a hezerd if It is inhaled or swallowed,

Visual exsmination for vellowcake i not sufficient
evidence that the worker's skin or clothing fs sufficiently
free of contamination to permit the workers to lzave the
work environment. Normally such contamination can be
adequately contrclied if yelloweaks workers wash their
hands before eating, shower before going home, and do not
wear street clothes while working with, yelloweake in the
mill. Prior to leaving the restricted area, everyone whe has
worked with yellowcake during the day should cither
shower or monitor their skin after changing clothes, If the
worker does mot change clothes, the clothes should alsa be
monitored. The soles of the shoes of anycne entering the
¥elloweake area of the mill should either be brushed or
monitored before leaving the mill, An alphe survey instru-
ment should be available at the exit of the employee changs
tocm. In addition, the licenses should at Jeast quartesly use g
calibrated alpha survey instrument to perform an unan-
nounced spot survey for alpha contamination on selected
yelloweake workers leaving the mill,



Limits on acceptable levels of alpha contamdnation of
gkin and clothing are those in Teble 1, but used in the
following manner. All zlpha contamination on skin and
clothing should be considered to be removable o that the
Limit of 1,000 dpm alpha per 100 cm? applies.® Additional
showering or wishing should be doneif the limit is exceeded,
The value of 5,000 dpm alpha eontamination per 100 em?
should Be used for the soles of shoes wsing & portable alpha
survey instrument to measure total alpha sctivity. If alpha
levels exceed the value in Table 1, the clothing should be
laundered before leaving the site. If the socles of shoes
excesd the value in Table 1, the shoes should be brushed or
scrubbed until they are below the limit,

1.7 Surveys of Eguipment Prlor to Release to Unrestricted
Areas

Sorface contamination surveys should be conducted
before potentially contaminated cquipment is reieased to
wvarestricted areas. The sorface comtamination limits listed
in Takle 1 are recommended,** If contamination ahave
these limits is detected, the equipment should be decon-
taminated until additional efforts do not significantly
reduce eontamination levels,

The licensee sheuld develop metheds to prevent poten-
tially contaminated equipment from leaving the restricted
area without being monitored, In some cazes thisis facilitated
il parking for workers and visitoss 15 outside the restricted
areca,

1.8 Surveys of Packages Prepared for Shipment

After being filled, yelloweske packages should be
washed down to remove surface contamination, Survevs of
externel surfeces of yellowcake packages prepared for
shipment shouwld be carried out befors shipment. The
surveys condugted should be adequate to ensure that the
wash-downs are reducing surface contamination levels to
less than Department of Transportation (DOT) Hmits, but
do not necessarily nclude a survey of each package. The
bottoms of same, but not all barrels, should be surveyed to
determine the elfectiveness of the wesh downs.

Contamination on packages should not exceed Depart-
ment of Transportation limitz in 49 CFR §173.397, The
average measured removable alpha conmtaminstion deter-
mined by wiping the external surface of the packzge with an
ahsorbent material should be below 2200 dpm/100 cm® if a
non-exclusive-use vehicle I8 to be wsed (4% CFR
EE173.397(2) and {(a)}1)) er 22,000 dpm/100 em® if an
exclusive-use vehicle is to be used (49 CFR §§173.397(b)
and (a}¥1)). Puckages having higher contamination levels

“This value §s compasable ts the limit of 10°% herm?
2,200 dﬂ per 100 :m.]rguu'[nﬂefnded lnlr th?ﬂbﬂﬁa}}n?ﬁmnﬁé

AEE EACY Of page A EfEfise 1 adi e Unlie “In!d-gm
.Mﬂrﬂi:: Energy Au:ﬁorltr In, Réfercnoe 15,

-

See Regulatory Guide 1.84, “Termination of Dperatin
Ligenses for Nuclear Reactors,” nnd “Guidelines for D:cunpn:tmhn!
tion of Facilitles and nt Prior to Release for Unsestricted
Uae or Terminatlon of ses for B:Eandult Souree, or Special
Nuoclear Material,” Divislon of Fuel Cyele and Materlal Safety
USNRC, Washlngton, D.C. 20555, November 1976, Avallable tn
NRC Public Document Room fer inspection and copying for o fee.
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should be cleaned and resurveyed prior to shipment. Visible
yelloweake should be cleaned off.

1.9 Ventilstion Surveys

A properly operating ventilation system is the most
effective means of worker protection from inhalation
hazards at a uranivm mill. The operation of the ventilation
system should ke checked each day by the radiation safety
staff during the daily walk-through of the mill,

Whenever equipment or procedures in the mill are
changed in a manner that affect ventilation, 2 survey shonld
be made of the ventilation rates in the area to ensure that
the ventilation system is operating effectively.

1,10 Surveys for Contamination on Respirators

Before being reused, respirator face pieces and hoods
should be surveyed for alpha contamination by a standard
wipe or smear technigque. Removable alpha contaminstion
levels should be less than 100 dpm/100 cm® (Ref. 16,
Section 5.6).

1.11 Summary of Survey Frequencies

Takle 2 summarizes the survey frequencies given in this
guide,

2. INTAKE AND EXPOSURE CALCULATIONS
2.1 Uranium Ore Dust and Yelloweaks

In 10 CFR Part 20, §20.103(a){1) establishes a quarterly
intzke limit on airborne uranium in yellowcake and in ore
dust, §20.103(a)(2) establishes a weekly intake limit on
alrborne soluble uranivm (low-temperature dried yellow-
cake), and E20.103(b){2) establithes g weskly control
measure for are dust and airborne insoluble urznium (high-
temperature dried vellowcake),

This guide presents two equivaient methods for caleulat-
ing worker intake. The first method expresses intake in
terms of microctries or microprams. The szeond method
expresses intake in terms of MPC-hours of exposure, The
methods are egquivalent znd either may be used,

Method E: The Intake Method (Microcuries or Micrograms)

The intake of urenium ore dust or yelloweake during the
weekly or quarterly period being evaluated may be estimated
using the following equation:

n
"\xitj

Li=bs/ J7F
=]

where:

I, = wranfum intake, g or uCi
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t; = time of exposure to average concentration xi (terd

xj-- gverape coneentration of wranium in hrcathing
zone air during the time ti, pg,l’m"' or pCijm

b = breathing rate, 1.2 m®/hr
PF = the respirator protection factor, if applicable®

r = {he number of expasure perinds during the week
o quarter

Method 2; The MPC-hour Method

The intake of urzniom ore dust or yellowcake during the
weekly or quarterly period being evaluated may be cstimated
using the following eqiation:

n .
- E : A
u MPC = PF
=1
where:

Iu = urznium intake, MPC-hours

Yy = time that the worker is exposed (o
eoncentrations xi (hr)

X.= average concentration of wranium in
the air mnear the worker's breathing
zone, pCifml

MPC = the concentration velue for the radio-
active material from Appendix B of
Fart 20, pCifml
)gmrr: = the number of MPCs

PF = the respirator protection factor, if
applicable™

n = the number of exposure pedods during
the week or quarter

2.2 Radon Daoghters
In 10 CFR Part 20, §20.103(a)}1) establishes an annual
limit on the intake of radon daughters, Radon daughter

intake may be estlinated using either of the two following
equations:

Method 1: The Intake Method (Working-Level Months)

[r = raden daughter intake, workinglevel months
t; = time of exposure to W, (hr)
170 = number of hours in @ working month

Wi = average number of working levels in breathing
zone &ir during the time (t;)

FF = the respirator protection factor, if applicabls *

n = the number of exposure periods during the year

Methed 2: The MPC-hour Method

n .
:1' MPC x PF

f=]
where:
I, = raden daughter intake, MPC-hours

L= time of exposure to '|.1nfi (ht)

W. = average number of working levels in breathing
zone air during the time {ti]

MPC = the Appendix B (Part 20) concentration value
for radon daughters (0.33 working levels)

WiMPC = the number of MPCs of radon daughters
PF = respirator protection factor, if applicable*
n = the number of exposure periods during the year

The values of t. may be determined by actual timing and
recording for each cxposure, or 7 values may be derived
from a time study of wotker occupancy in the various mill
areas, Such studies should be vpdated annueally and after
any significant change in mill equipment, procedures, or job
functions. When nonroutine mantenance or  clsanup
operations are performed, accurate time records should be
kept, end the results of special zrea or bresthing zone
samples taken over this perisd should be sdded to the
caleulations of emplovee exposures,

3. REFORTS OF OVEREXIMOSURES TO AIREDRNE
MATERIALS

Any overexposure of 2 person to sirbarne radioactivity
must be reported to the NRC, Section 20,405 requires

“If the Jiceasee's respicatory protection
ducted in conformance w{thwljelwlatnr! L‘r
Frograms for Respimtory Protection,’ and the :ppm riate HRO
Reponal Offics has bheen naotified that the license plans to wie

respirators, the prescribed protection factor {PF) may l;-q,- wizd in the
caleulation -uf] angd I:

is be -
EeRLTS, MAcceptuble
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overexposure reports to the appropriste WRC regional
office if the intake of uranium ore dust or yellowcake
xoeeds the guantities specified in §20.103 or if the
xposure to radon daughters exceeds the workinglevel
values specified in footnote 3 to Appendix B to 10 CFR
Fart 20. Many uranfum mill workers are exposed to a
combination of these materials, In such cases, Appendix B
to 10 CFR Part 20 specifies the method for determining
whether WRC exposure limits have been excesded, Over-
exposure reports are also required for combined exposures
that exceed MRC limits,

A listing of exposure Imits follows:
I. Soluble wranium, weekly determination,

If during a period of 1 calendar wesk 2z werker has an
intake of soluble urenium (yelloweske dried at a tempera-
ture below 400°C) exceeding 9.6 mg, an overexposure has
oocurred *

2. Airborne radioactivity, quarterly determination,

Fur & worker caposcd 1o uranium oTe Qust, Yellowcake,
or both, it Is necessary to determine whether an overexpo-
sure has occurred during the guarter, Either one of the two
following methods may be used for this purpase,

Methkod I: The Intake Method (Mficrocuries or Milfigrams).
The ore dust wvranjum intske in  microcuries (ov
milbgrams) is divided by 0.03 pCi** (or 47 mg) 1o caleulate

" cake intake for the quarter in mizrocuries (or milligrams) is

Jthe [raction of the limit that has been taken in. The vellow-

C

divided by 0.063 uCi {or 93 mg). Add the twe fractions. If
the sum exceeds unity, an overexposure has occurred.

Method 2: MPC-hour Method, Add the exposures, in
MPC-hours, of urenivm ore dust and yellowcake, If the
total for any worker exceeds 520 MPC-hours*** an over-
exposure has cccurred,

3. Radon daughters, annial determination,

Exposure to radon daughlers is limited on an annual basis.
If the intake method is used, an intake exceeding 4 working-
level months in a calendar year is an overexposure, If the
MPC-hour method s used, an exposure exceeding 2080 MPC-
hours in a calendar year is an oversxposure,

4. ACTION LEYELS
4,1 The 40-Hour Control Measure

The 40-hour control measure, specified in §20.103(b)(2),
is an action level of concern to the uranivm mill operator.
If during 2 week a worker issubjected to an intake exceeding

*a0 hous at @ concentration of 0.2 mgim? and 2 breathing rate
of 1.2 m3jhr.

"]r total alpha activity i= messvsed Instead of wranium activity,
divide by 0.06 MNCi.

"*Tap hoursfweek £ 13 weeks = 520 houss,

40 MPC-hours, §20.103(b){2) requires that the cause must
be determined, comrective action to prevent another such
occurrence must be taken, and a recotd of the corrective
action must be maintained,

Us2 either of the two methods In Section .2 of this
puide to caleulate s worker's weskly intake, If the microcurie
(or milligram) method is vsed, a weekly intake of uranium
ore dust plus yelloweake exceeding 1713 of the guarterly
limit given in Sectlon C.3 of this guide exceeds the 40hour
control measure, Do not include radon daughters because
these are eonsidered only on an annual basiz. If the sum of
the two fractions for the weekly intake exceeds 1/13, the
40-hour control measure has been excesded,

If the MPC-hour method is used, the MPC-hours fram
ore dust and yellowcake are added, If the sum exceeds
40 MPC-hours, the 40-hour control measure has been
exceeded,

4.2 Administrative Action Levels

In addition, the licensce should establish administrative
action levels to protect workers. Action levels should be
established as shown below. A record of each investigation
made and the actions taken, if any, should be kept.

1, Uranfum ore dust, The RSO should establish an
ection level for cach ore dust sampling locatien. The action
level for the location should be set somewhat above the
normal fluctuations that eecur when the mill is operating
properly, If any sample is above the sction level for that
location, the RSO should find out why and should take
corrective action if appropriate.

1, Yellowegke, Similarly, for yellowcake the RSO
ghould establish an action level for each sampling location.
In addition, action Ievels should be established for mainte-
nance activities where breathing zone sampling is used,
The gction level for maintenance activities can be expressed
either in airborne concentration or in MPC-hours. If any
action level is excreded, the RSO should find out why and
should take corrective action if apprapriate.

3. Radon daughters, The RS0 should establish an action
level for radon daughters for each sampling location. If the
action level for any location is exceeded, the RSO should
find out why and should take corrective action, if appro-
priate,

4. Nime-weighted exposure to airborne radicactivity, If
any worker's time-weighted exposore, calewlated by either
of the two methods in Section C.2 of this guide, exceeds
25% of the exposure limits, as listed in Section C.3 of
this guide, the RS0 should determine the causes of the
exposure, should investigate why the exposure was higher
than previous exposures in performing the work, and
should take corrective action if appropriate. This action
level will be on a weekly basis [or soluble uranium (yellow-
cake dried at less tham 400°C), a guarierly basis for
wranium ore dust and yelloweake combined, and an annual
basis for radon daughters,

8.30-11



5. Ggmme dose rates. The RSO should establish an
action level for each location where the gamma dose rate is
periodically measured. If the action level for any location is
exceeded, the RSO should find out the czuse of the elsva-
tion and showld take comective action, if spproprate,

6, Dosimeter results, The RSO should establish action
levels for the monthly dosimeter results. If the action lewel
for any person is exceeded, the RS0 should find out the
cause and take corrective action, if appropriate.

1. Contamination on tkin and clothing, If alpha con-
tamination of the skin or clothing of workers leaving the
mill is found to exceed 1000 dpm/100 em?, an investigation
of the cause of the contamination should be made and
eorrective action taken, Il appropriate.

£. Low airborne radioactivity readings, Abnormally low
readings of alrborme radioactivity (uranium ore dust,
yelloweake, and radon daughters} should also be investipated
sinee very low readings may indieate an equipment malfene-
tion or procedural error. The RSO should establish action
levels for low readings of airbome radioactivity. If readings
are below these action levels, the RSO0 should find out why
and should take corrective actlon, if appropriate.

5. ESTABLISHMENT OF “AIREORNE RADIOACTIVITY
AREAS™

In general, yellowecake drying and packaging rooms and
enclosures should alweys be considered to be airbome
radigactivity areas becawse of the high concentrations that
can result if any equipment malfunctions. On the other
hand, ore crushing and grinding aress and areas outs:de
yelloweake drying and packaging areas will not normally
need to be classified as aitborne radioactivity areas when
normal engineering controls are used,

Any ared, room, or enclesure is sn *airborne radio-
activity area,™ as defined in §20.203(d), if (1) at any time
the uranivm concentration exceeds 0.5 x 109 aCifm! in
the cass of ore dust or 1 x 10°!'° uCijml in the case of
velloweake (i.6., the values in Appendix B to 10 CFR
Part 20) or {2} the concentration excesds 25% of the values
in Appendix B to 10 CFR Part 20 averaged over the number
of hours in any one week in which individuals are present in
such area, room, or enclosure, For example, an area that is
occupied 20 hours per week (out of the 40 hours wsed asa
basis for the limits) s an zirborne radioactivity area if the
concentration of uranium in yelloweake exceeds 0.5 x 10712
MCifml of air, The Lcensee should maintain records to
show that occupancy isin fact thus limited.

If combinations of radon daughters, ore dust, =nd
ycllowcake are present {sce Section C.1.3 of this guide),
their concentrations divided by the approprate Table |
Appendix B value should be added. If the sum of thess
fractions exceeds unity or if the sum exceeds 0.25 after
adjustment for the occupancy factor, the area fs an afrborne
radloaclivity area,

&. POSTING OF CAUTION SIGNS, LABELS, AND
NOTICES TO EMPLOYEES

The radiation protection steff should periodically survey
to ensure that signs, labsls, required notices to employess,
copies of licenses, and other ftems are properly posted as
required by 10 CFR §19.11 and §20.203,

The mill and tailings area should be fenced to restrict
access, and the fence should be posted with “‘Caution,
Radicactive Material™ signs as required in §20.203{=)(2). If
the fence and all entrances ere posted and in addition con-
tain the words “Any area within thiz mil may contain
redioactive material,” the entire area is posted adequately
to meet the requirement in §20.203(e)(2). Additionz]
posting of sach room with “Radioactive Material™ sipns iz
not necessary.

“Radistion Areas™ and “Airborne Radicactivity Arcas”
must be posted in accordance with §B20.203(b) and (d).
The licensee should aveid posting radiation area signs and
airborne radioactivity area signs in arcas that do not require
them. The purpose of the signs is to warn workers where
additional precautions to avoid radiation exposure are
appropriate. Posting all areas in the mill with such signs
defeats this purpose.

7. CALIERATION OF SURVEY INSTRUMENTS

Portable survey instrumenis should be placed on a
routine maintenance and calibration program to ensure that
properly calibrated and operable survey instruments are
available at all times for use by the health phvsics staff,

Survey instruments should be checked for constancy of
operation with a radiation check source prior to each usapge.
If the instrument response to the radiation check source
differs from the reference reading by more than 20%, the
Instrument should be repaired if necessary and recalibeated
(Ref. 17, paragraph 4.6).

This constancy check should be supplemented by
czlibrations a! 1 2-month intervals or at the manufacturer’s
suggested interval, whichever is shorter (Ref, 17, pars-
graph 4.7.1). An adequate cahbration of survey instruments
cannot be performed solely with bullt-in check sources.
Electronic calibrations that do not involve a source of
radiation will not determine the proper functioning and
response of all components of an instroment. However, an
initial calibration with 3 gamma source and petodic tests
using electronic input signals may be considersd adequare
for the high dose ranges on survey Instruments if those
ranges are not used routinely. Ezch instrument should be
calibrated at two points at about one-third and two-thirds
of each linear seale rovtinely used or with a calibration at
one point near the midpeint of each decade on logarithmic
sczles that are roulinely used, Digital readout instruments
with either manual or automatic scale switching should he
calibrated in the same manner as are meter-dial instruments.
Digital readout instruments without scale switching should
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be calibrated in the same manner as are logarithmic readout
instruments. Survey instruments should he calibrated
following repair. A survey Instrument may be considersd
properly calibrated when the instrument readings are within
2£20% of the calculated or kmown values for each point
checked {see Regulatory Guide 10.5, Appendix A).

Calibration for beta dose rate measurements may be
performed in the following manner, A usual technique for
meking a beta survey is to note the difference between the
open-window and elosed-windaw reading on a GM orfonizs-
tion chamber survey meter. The difference is considered to
be the beta dose rate. This approach is incorrest if the
survey meter has been calibrated with a gamma source
alone. A comection factor must be applied to determine
the beta dose rate.

To determine the calibration factor, use Figure 2 in this
guide, Fleee the detector of the survey meter at the surfaes
of an extended yellowcake source that has been separated
from ore for at least 100 days. Use s picce of paper or thin
plastic between the detector and yellowecake to avoid con-
taminating the detector. Mote the difference betwesn the
open-window end elosed-window readings, Compute z
calibration factor that applies to the surface dose rate that
will make the difference between the open-window and
closed-window resdings equal to the surface bela dose rate
of 150 mrem/hr, as shown in Figure 2. To determine the
calibration factor that apples at a distance from the surface,
place the axis of the detector at 2 em from the surface,
Note the difference between the open-window and closed-
window readings. Comptite a calibration factor that will
make the difference betwesn the open-window and closed-
window readings equal te 75 mremfhr, as shownin Figure 2.
A sample caleulation is shown in Appendix C,

Errors in estimates of the volume of air that has passed
through filters should be avoided by acourate calibration of
the flow rate and by preventing or correcting for the lass of
flow caused by sccumulation of material on the filter. As
material accumulates on filter paper the air flaw rate will
drop. Thus less alr valume will be sampled. Adr flow rates
through filters should be determined by calibrating pumps
with the filter paper in place once every & months to
*20% accuracy. These ealibrations should be done in
accordance with manufaciurer's recommendatisns, Further
information on these calibretions is contained in Regula-
tory Guide 8.25, “Calibration snd FError Limits of Alr
Sampling Instruments for Total Volume of Alr Sampled.”

The fluorometric analysis systern should be calibrated by
processing a known standard wranium sclution and a Blank

- sample with each batch. EBvery guarter, the flusrometer

response hould be checked by a complete serdal dilution,

Alpha counting systems used for radon daughter meas-
urements should be calibrated at least monthly by using a
known standard alpha source,

Alpha survey meters used to detect contsmination on
skin #nd cquipment should receive a constancy cheek each
week and 2 calibration annually,

8. FROTECTIVE CLOTHING

Workers working with yelloweake should be provided
with protective clothing such as coveralls and shoes or gshae
covers, Rubber work gloves should be used when aged
yellowzake will be handled to reduce the beta dose rate and
to avoid contamination of the skin with uranium,

Frotective clothing should be changed and discarded or
laundered weekly or whenever yellowcake is visible on the
elothing. Potentially contaminated clothing should not be
sent to 2 laundry that is not specifically authorized by the
NRC oran Agreement State to process clothing contaminated
with uranium unless the clothing has been surveved and
found to have less uranium contamination then the values
in Table ] of this guide.

9. QUALITY ASSURANCE PROGRAM

The licensee should easure the accuracy of survey
mezsurements by having @ guality sssurance program.
Repulatory Guide 4,15, “Quality Assurance for Radio-
logical Monitoring Programs (Mermal Operations)}-Effluent
Streams and the Environment,” should be consulted for
guidance on quality assurance, .

D. IMPLEMENTATION

The purpose of this section Is to provide information to
applicants and licensess regarding the NRC staff®s plans for
using this repulatory guide.

Excepl in those cases in which an applicant proposes an
acceptable alternative method for complying with specified
portions of the Commission's regulations, applications for
new uranium mills gnd renewal applications submitted after
July 1, 1983, should follow the recommendations in this
guide.
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APPENDIX A

DERIVATION OF EQUATION FOR MPC_,

The equation for MPC_ is derived here. The eqguation
for mixtures in pa:agraphT of the MNote to Appendix B of
Part 20 is:

C, L C
+ B4 E <]
ﬁPC. MPC, MPC. ™

Consider a mixture of natural vranjum as yelloweake witha
concentration of C,, and ore dust with a concentration
C_,. If the sum of tge concentrations equals the MPC for
the mixtire

Cpy + Cog =MFCy

Cnu + Cod
MPC

m

the equality in the first equation will apply.

Thereloze:
Cru + Caa - Chu + Coa
MPC,, ik Eod Hmm

B.30-14

Solve for MPCm

* Coa

MFPC_. = -
]
Cod

Ci PO
MPCnu MPCQd

Divide the numerator and denominator of the right-hand
side by Cpy, + Cog

MPCy = Cnu + Cod
L *Ccd]EHPEnuj (Cru {'cnd][MFcud}
The tetrm
Con
Cou?t Coa

can be recognized as [, the fraction of activity fram
natural uranium as vellowcake,

Therefore:

M . [nu + tod
m HPCnu MPEM
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APPENDIX B

LOWER LIMIT OF DETECTION

For the purposes of this guide the lower limit of detec-
tion (LLD) is defined & the smallest concentration of
radicactive matesial that has a 95% probability of being
detected.* Radiozctive material is “detected™ if the value
measured on an instrument is high encuph to concluds that
aclivity above the system background is probably present,

Fora particular measurement where radicactive disintegra-
tions are detected (which may include a radicchemical
separation):

4,668,
LIS ———
3.7 x 10°EVY e ™M

where:

LLD = the lower limit of detection {(uCifml)

= the standard deviation of beckeround
count rate (counts per second)

3.7%x10% = the number of disintegrationsfsec,/uCi

(thiz term is omitted if Sb is given in terms

of microcuries)

E = the counting efficiency (counts per dls-
integration)

¥ = thezample volume (ml)

Y = the fractional madiochemical yield (f
applicable)

A = the decay constant for the particular
radionuchde

t = the clapsed time between sample collec-

tion and counting.

Example: LLD for uranium when fluorometnc analysiy i
Hred,

Work this example in terms of microcuries of natural
uranium. The LLD could just as well be caleulated in terms
of micrograms of vranium. A conversion factor of 6.77 x
1077 pCuluse for natural uraniem can be ussd if the uraniem
guantity is known in micrograms.

First, determine the standard devizticn of the back-
ground count sate 8., To do this perform a flucrometric

»

Thiz definition of LLD was chessa 12 be conslsient with the
NRC position previowsly stated in Tables I and 3 of Regulatcry
Gelde 4.8, “Environmental Techaicsl Speclfications for MNuclenr
Power Planis,” The bagh for the definftion b goven in References 1B
and 19 of this guide. The definition is also used In other regulatory
cuides, among them 414, “Radiological Effluent and Envon-
L "litll Mocitoring st Uranium Milis," and 8,14, “*Personnel Neutron

osimeters.”

analysis for several clean filter papers that have not been
nsed to eollect air samples. At least 5 filter papers would
have to be analyzed over many months. The value of El:r
will bz in terms of microamperes becouse flusrometers
usually give readings in microamperes.,

The value of 5 can then be converted either to micro-
cuties or to counts per second by using 2 calibration factor,

A sample calculation is shown here, The fluerometric
readings for 10 ¢lean filter papers are as follows:

Fluorometric reading (35
(microsmperes)

Sample number

0.062
0.072
0050
0.050
0.050
0040
0.086
0088
0.088
0018

D O =] OhoLa B Lk k) e

=

Caleulate the standard dewiation Sy, by the eguation (or
by pocket calculator):

2 _1 3 =.2
Sh =nl i=1 [xi-x]
whers:
n = the nnmber of samples
X; = the reading for sample §
X = the average of the readings

For the data above, the standard deviation is:
Sy, = 0.023 pA

Convert 5y, to micregrams of vranium. On this fleoro-
meter 0.1 pg of Uaﬂ gives o resding of 0.67 pA. The
fluorometer will read 6.7 uA/jug of U, 0. This compound
I8 BS% uranium by weight (238 x 3 = 714, 16 x 8 = 128,
T14/842 = 0.85). Therefore, the flucrometer will read
7.9 pAfup of uranium (6.7/0.85 = 7.9),

Now caleulate the standerd deviation in micrograms of
uranium:

= 0.023 uA
b 99 uAjue
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=0.0029 pg of wranizm

To convert te microcuries, use a conversion feetor of
£.77 % 10°7 uCifpe of uranium,

Therefore:
Sp = 0.0020 pg x 6.77 x 10°T ucifug

=197 x 1077 gCu

In the equation for LLD, the counting efficiency E will
be 1. (The term E is not applicable to a fluoromettic
analysis.)

The sample volume V will be egual to the collection rate
of the air sampler times the sample collection time, Assume
a low-volume air sampler with an air flow rate of 10 liters
per minute and a 30-minute sample collection time.

W = 10 Liters/min x 30 minutes
= 300 iters
= 300,000 ml

For a fluorometric analysis, the radigchemical yield is
not applicable, and Y may be set equal to 1.

The exponential term for radicactive decay s'u will
alse be egual to 1 because the half-life of uranium is so long
that the amount of decay between collection and analysis
will be negligible.

Therefomne

4.66 x 1.97x 107 pci
300,000 ml

LLD=
= 3 x 107 uCi of uranium/mi of air

This L1D is sbout 150 times more sensitive than recom-
mended in the guide as an acceptable lower limit of detection.,

Example: LLD for radon daughters when the modified
Kusnetz method is tged

The beckground standard deviation is established by
using blank filters. Assume the slpha counts on 10 blank
filters counted for 1 minute each are as shown below:

Sample Number Alphs Counts

[ R T N R
3 k3 LI RD R) BRI R e b B

[
= e

For these filters Sb can be calculated to be 0,84 counts
for a l-minute count.

Assume the counting efficiency E iz 0.27. Consider a low-
volume sampler with a flow rate of § liters per minute and a
S-minute collection time, Therefore, the sample volume will
be 25,000 ml, The radiochemical yield ¥ is not applicable,
and is set equal to 1.

To caleulate radicactive decay the value of A can be
taken to be roughly 0.02& per minute (for lead-214, the
radon daughter with the longest haif-life). The value of tis
taken to be 60 minutes, Tt will be accurate enough to use
&0 minutes for this value even though it could be ailshnr‘l asg
40 minutze or as long as 90 minutes, Thersfore ¢ equals
0.21. The lower limit of detection can now be caleulated:

4.66 x 0.84 counts/min
0.27 eounts/dis x 25 Hters x 1 x 0.21
= 2.8 dpmjliter

LLD=

To convert this LLD to working levels {WL), divide by
the [actor from Figure I in ANSI N13.8-1973 (Ref, 9). The
factor is 110 dpmjliter/ WL for a sample counted &0 minutes
after collsction. Therefare:

LLD = 0025 WL

This is below the LLID for radon dzughters recommended
in thus guide,
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Here is an example for calibrating the survey instrument.

At the surface:

The closed-window reading is
3 mBRfhr. The open-window
reading i3 28 mRfhr. The
difference is 25 mR fhr. Since
the beta dose rate st the
surface is 150 mrem/hr, the
calibration [actar CF, g Can
be geleulated from  the
equation below:

APPENDIX C
BETA CALIBRATION OF SURVEY INSTRHUMENT

150 mrem fir
CF =
sur 25 mRfhr

CFyy; = 6 mremfmk (gt the surface)

AT 2 cm: Place the axis of the deteetor at 2 em from the
surface of the yellowcake. The closed-window reading s
3ImRfhr. The open-window reading s 23 mRBfhr, The
difference is 20 mE/hr. Since the beta dose rate at 2 em is
75 mremfhr, the calibration factor CFq.pm tan be calculated:

- 75 mrem/fir
2em 39 mRfhr

CFqupy = 3.75 mrem/mR {at 2 cm)

Ohserved dose rete x CF = actual dose rate

The value obtafned at 2em will geneesally be accurate

25 mRfhr x CFy . = 150 mrem/hr encugh to use at afl distances greater than 2 em.,
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VALUE/IMPACT STATEMENT

\‘ 1. PROPOSED ACTION

1.1 Diescription

Applicants for a uranium milling license must submil a
license application containing the information specified inm
Reputatory Guide 1.5, “Standard Format and Content of
License Applications for Uranfum Miils," The purpose of
this proposed action is to describe health physics surveys
that are acceptable to the NRC staff to protect workers.
Information about health physies surveys is covered under
Section C.5, “Operations,” in Regulatory Guide 3.5.

1.2 Need

Licensess are now unceriain what the NRC staff will
accepl i the way of 2 health physice survey program to
protect workers. As & consequence, a wide varety of
programs are submitted. In order to meet minimum aceept-
able standards, much correspandence between the applicant
and MRC is required, A gulds will reduce the amount of
correspondence needed, save manpewer for bath NRC
and the applicant, show clearly how NRC regulations apply
to uranium mills, and esteblish a uniform standard for an
acceptable survey program for worker protection,

1.3 Value/Impact
1.3.1 NRC

The impact of the proposed gridance will be primarily
to reduce licensing staff effort expended in reviewing
applications and corresponding with epplicants in areas
where the applieahion does net meet acceptable NRC
licensing standards. One stefl-year was required to develop
the guide,

1.3.2 Orher Government Agencies

The proposed guidance will impact on the Minc Safety
and Health Administration (MSHA) because they also
regulate occupational health protection at uranium mills
and on Agreement State regulatory agencies that regulate
mills, primarily agencies in New Mexice, Colorado, Texas,
Washington, and Florida. A Memorandum of Understanding
(MOU) signed by NRC and MSHA states that each agency
will epordinate the development of standards with the
other sgency, The MOU was published in the Federal
Register (45 FR 1315) on January 4, 1980.

1.3.3 Indusiry

Industry will benefit from having clear guidance on what
constitutes NRC licensing policy. The total cost of the
occupational health physics program (surveys plus other
parts of the program)is estimated to be roughly 4 stelf-years
per vear or about 3300,000 per year per mill when the
costs of overhead, sepplics, equipment, and contracted
services arc included. This does not include the cost of the

environmental and effluent monitoring program nof does it
include amortization costs on equipment in the mill installed
to limit occupational exposure. Eguipment design is not
covercd in this guide, therefors, eosts are not estimated
hete, However, the annual amortizetion and operating
costs of equipment installed to protect workess is not

negligible.
1.3.4 Warkers

Workers' protection should improve from having clearly
stated and consietent standards for heslth physics survey
programs. Workers and workers” representatives will now
have access to a clearly defined standard health physics
survey program, This will help them understand whether
their employer has @n sdequate program znd why some
things are done g5 they are.

1.3.5 Public

The guidance pertains to workes protection programs, It
will not directly affect the public.

1.4 Decision

The MRC should develop guidance on standard health
physies survey programs for worker protection that are
acceptable to the NRC licensing staff.

2. TECHNICAL APPROACH

The technical approach in the guidance is based on
(1) NRC licensing policy as expressed in Safety Evaluation
Reports (SER) written by the NRClicensing steff, espesially
the recent SER for Minerals Exploration Company Swect-
water Urenium Project; (2)the IAEA Manual on Redio-
logical Safety in Urerium and Thorum Mines and Mills,
IAEA Szfety Series Mo, 43, 1976; (3) public comments
teceived on Draft Guide OH 7104 ;and (4) other references
cited in the gulde.

The most important technical guestion raised by the
public comments concerned the duration of prab samples
for uranium ore dust and yellowcake, The draft guide
recommended 60-minute sermples.

Mr, William Shelley of Kerr-McGee, speaking for the
American Mining Congress {(AMC), wrote that sampling for
uranium ore dust in non-pirborne radicactivity areas should
be weekly with S-minuie high-velume samples rather than
monthly with 60-minute samples as in the guide. The AMC,
in a subsequent letter intended to supplement Mr. Shelley's
comments, stated that 60-minute samples at 20 to 25 eperator
oceupied sites would reguire 3 to 4 days for sampls collec
tion, which is excessive. The AMC recommended monthly
3I0-minute samples with a stipulation requiring additional
sampling in the area if an action level were excesded, The
AMC said weekly S-minute high-volums samples “arc not
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deemed preferable in this context.™ The AMC recommended
weekly 15-minute high-velume samples with a flow rate of
30 efm when more frequent sampling was needed and said
such sampling would satisfy the LLD values in the gulde,
The AMC stated that filters could clog during long sampling
times, thereby reducing the accurzcy of the messurement.

Mr. Gerald Sinke of Kerr McGee, in a subszquent letter
te clarify the AMC objection to 60-minutc samples, stated
that the Kerr-McGee mill sampled weekly at 26 lecations in
ore handling areas. Mr, Sinke said that S-minute samples
weuld be more goeurate than 60-minute samples because
he technician would be present during sample collection,
whereas he wemld net be present during a 60-minute
sample, Mr, Sinke showed by celculation that an LLD of
2.7 x 10712 pCijml was obtained using a S-minute sample
with 3 flow rate of 760 liters/min. This meets the recom-
mended LED of 5 x 107% uCifml Sinke's method is based
on alpha counting after radon decay. Alpha counting will
not wark well for ore dust with long sampling times because
the dust loading on the filter paper will cause sell-absorption
of the alpha particles. The State of New Mexico Environ-
mental Improvement Agency seid that 30-mimute semples
seemed excessively long.

The sbove comments claim that 60-minute samples are
too long and state that the recommended LLD can be
chtained with shorter samples, Based on NRC's caleulations
guch a5 thoss shown in the new appendix to the gulde, itis
correct that an acceptable LLD can be met with samples of
far less than §0-minute duration as long as the air flow is
sufficient and the anelysis background is low enowgh.

The NRC agrees that excessive dest joading is likely to
be depesited on filters of high-velume samplers during 2
&0-minute sample. On the other hand, monthly 5-minute
samples seem too short to account for shert-term variations
in mir concentrations. A time longer than 5 minutes is
believed to be necessary because the grab samples are taken
at a fairly low frequency — weekly or monthly depending on
the levels of airhomme madioactivity present. The NRC
sccepts the fairly low weekly or monthly frequency because
concentrations of ore dust are generzlly low in ore dust
areas (typically 10% of the Appendix B values) and because
the concentrations have been obssrved to fall within
fairly narrow ranges, except for seasonal variations due te
fncreased ventilation during warmer months, Concentrations
of yellowcake when equipment is not operating ere also low
and fall within limited ranges. More extensive sampling
is rtequired for maintenance operations and in certain
operations when yelloweake is actively handled.

In vi*w of this, the recommended sample duratien is
lowered to 30 minutes at an adequate air flow rate to mec}
the recommended LLD of §x 10712 uGijmi. However, in
areas that are not airborme radicactivity sreas, weekly
S.minute samples are acceptable insteed of menthly 30-
minute samples.

The second most important technical guestion rased by
the public comments concerned the recommended limits on
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surface contamination in work aress, namely the value for
alpha setivity of 0,001 ;.:Cij'c:mz, Mr. L. M. Cook of Chevron
Fesources Company said that the limit on contamination
levels of 0,001 pCifem?® may not keep ingestion low encugh
and that bioassays would routinely be high.

The MRC response it that surface alpha contamination
levels of 0,001 uCifom® are generally recognized as being
adequate to maintain the inhalation of resuspended particles
to very low levels. Experimental work in a uraninm facility
shawed that surface contamination of this magnitude
contributed less tham 1% of the exposeres recewed by
emplnym.’ Experience in plants led the Internationsl
Atomic Emrgr Agency to recommend this value for
wranium mills* Theoreticsl calevlations based on resuspen-
sion factors led the British Wational Radiological Frotection
Eoard to recommend the same timit.? In the words of the
Intemnaticnal Commizsion on Radiclogical Protection
(ICRP), “Experience hasshown that thereis not necessarily a
corrclation between surfece contamination in the work-
place and the exposure of workers,"

There are several physical factors that reduce the resus-
pension of small respirable particies. Fine dusts (<50 microns)
pre cxiremely resistant to resuspension by wind because
these particles lie in the laminar layer next to the ground
and do not protrade much into the turbulent air la.]ru::rx»,s
In addition, respirakbic particles (<10 microns) tend to
agglomerate in a process called weathering 2nd their resuspern=
sion depends on 3 mechanical impact to break the
agplomerzte,

A more complete “Response to Public Comments on
Health Physics Surveys in Uzanfum Muls™ i avallable from
the author of the guide: Dr, Stephen A. McGuire, Office of
Muclear Regulatory Research, 1.5, Nuclear Regulatory
Commissicn, Washington, D.C. 20555, ;

3. PROCEDURAL APPROACH

In its preliminary valuefimpact asssssment, the staff
considersd several procedural approaches for carrying out
the proposed actien and selected the publication of a
regulatory guide.

% 4. I. Brestin, A. €. George, P, C. LeClare, and H, Gloubermas,
oThe Contefbution of Urarfum Surface Contaminztlon to Inhala.
tion Exposures,” AEC Report HASL-175, 1966,

nlnberrﬂﬂnnll Atomic Energy Ageney, Manual on Radiological
Safers ir Uranhum ond Thorfum Minet and Ait, LAEA Sefcty
Serist No., 43, Vienna, 1976.

3. D. Wrizan et of,, “Derdved Limits for Surface Contamins-
Hon,™ DBritish MNatfonal Radiologleal Protection Doard Repodt
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3.1 Decision on Progedural Approach

‘\) Developing a regulatory guide is the favored procedural
a a

pproach.

4, STATUTORY CONSIDERATIONE

4.1 NRC Authority

WRC suthorty for issuance of this guide derives from
the Atomic Enerpy Act of 1954, as amended, through thoss
portions of the Commission's regulations in Title 10 of the

8.30-21

Code of Federal Repulations eited in the introduction to
the gpzide,

4.2 Need for NEPA Assessment

The proposed action is not @ major action significantly
affeeting the quality of the human environment as defined
by paragraph 51.5(2)(10) of 10 CFR Part 51 and dogs not
require an environmental impact statement.

5, CONCLUSION

The regulatory puide on health physizs survey programs
for worker protection in uranium mills should he issmed.
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INFORMATION RELEVANT TO ENSURING
THAT OCCUPATIONAL RADIATION EXPOSURES AT URANIUM MILLS
WILL BE AS LOW AS IS REASONABLY ACHIEVABLE

A. INTRODUCTION

Paragraph 20.1(c)} of 10 CFR FPart 20, “Standards for
Protection Against Radiation,” states that licensess should
make every resscnable effort to keep radiation exposures,
as wall as relesses of radicactive material to unrestricted
arcas, as far below the limits specified in Part 20 as is
reasonably achievable, Regulstory Guide 8.10, “Operating
Fhilosophy for Maintaining Occupational Radiation
Exposures As Low As Is Reasonably Achievable,™ sets forth
the philosophy and general management policies and
programs that licensees should follow to achieve this
objective.

This guide recommends design criteria and administra-
tive practices acceptable to the NRC staff for maintaining
AU E R B L AR FLADAE el j'H"" — L 'I'Iﬂhﬂ-ﬂ-l-Lll-J WVII-L-III-L'L
{ALARA) in uranjum mills. However, some of the basic
processes at other types of nranium recovery lacilities have
a similar potential for exposing workers to wranium and its
daughters, Therefore, the guidance provided in this guide
can be applied, as appropriate, to those facilities as well,

An existing NRC report, NUREG-0706, “Final Generic
Environmental Impact Statement on Uranivm Milling"
(Ref, 1), also provides detailed information for controlling
the radiation hazard and chemical toxicity of airborne
uranium #nd its davghter products in wranfum mills,

This guide iz directed toward occupational health
protection from radiologic and toxic hazards from sirbome
particulates of uranium and its daughters, However, it is
alss recognized that wranium mill workers will be exposed
to external radiation in addition to inhaled particulates,
Therefore, ensuring protection of mill workers from
external radiation hazards is also addressed.

Specific guidance regarding protection of the public
from radiologic and toxic hazards caused by materials in
effluents to unrestricted areas is beyond the scope of this

guide, This topic i mentioned only in connectlon with
actions that infiuence both occupational exposure and
effnent control. Some of the same controls that have been
shown to keep occupational exposures to airborne uranium
and fts daughtenn ALARA also tend to keep releases of
these materials from the mill ATLARA (see Regulatory
Guide 4,14, “Radiological Effluent =nd Environmental
Monitoring At Uranium Mills™),

Any guidance in this document related to information
collection activities has been cleared under OMB Clearance
Mo, 31500014,

B. DISCUSSION

The principle of maintaining occupational radiation
T L Bl lw'- - L--ﬁvwvll-vl; RS T 0SNG e R R RERLTLL
of an original recommendation of the National Committec
on Radistion Protection (NCRP) (now the National Counecil
on Radiation Protection and Measurements) in its Report
No, 17 {Ref, 2). In this early report, the NCRP introduced
the philosophy of assuming that any radiation exposure
may carry some risk and recommended that radiation
exposure be kept at a level *as low as practicable™ below
the recommended maximum permissible dose equivalent,
This philosophy Is cumently referred to as “ac low as i=
reasonably achievable™ (ALARA), Similar recommenda-
tions to keep exposures ALARA have been incloded in
MCRF reports up to the present time (Ref, 3), a5 well as
in recommendations of the National Academy of
Sciences-National Research Council {Ref. 4], the Federal
Radiaticn Council (Ref, 5), and other independent scientif-
ic and professional organizations (Ref, 8). Therefore, NRC
has incorporated this basic radiation protection philosophy
from these recommendations into its regulations and
guldes,

This guide provides a detalled supplement for uraniom
mill licensees of the basic philosophy of Regulatory
Guide 8.10, which lists for all specific licensees the types of

UsSHNRC REGULATORY GUIDES

Regutatary Guided sre lued Lo deserlbe 3ma make gvallable to the
public methods accepiable to the NRC staff of impismanting
pecific parts ol the Commiision™s reguiations, 1o delinsate tech-
rigues wied by the staffl In evaluating specific proBisms o poastu-
lated accidents, or to provide guidance to applicants. Regulstory
Gulges are nof substitotes for regulations, and compllance with
them 15 not required, Mathods and solutions different from those set
oul 1n the gubdes will be aeceptanie if they provide § Bayg ToF the
findsmgs requidite to the lsuance or contlnuance of 2 permit or
lesnse By the Commission,

This guide was lstued afier conslderstion of comments recelved from
the public, Comments and sugseitions for Improvements in these
pulges are Enoauraged a3t M bima, and guides will be revised, a3
approonele, 10 MLEOMMOodaie Comments and 1o reflect M i FmS-
tlan o superience,

Comments $hould b sent 0 the Secretal ::‘F tha il
WS, Muclear Regulatary Commission w:r;hlngtun. E.“;"EE'QEE
Attention: Docketing and Service Branch,

The guldes are kswad in the followlng ten broad divisions:

1. Fowsr BeACiars
2. Research and Teit Reactars
e
FLERL 4
5. Materlals and Plant Brotecticn 10, Ganeral nanclal Review

Coepies of iued guldes mey be purchased at the current Government
Printing Oftice price. A subscrliotion servlce Tor future guldes [ soe-
ciflc dwvitlons it avaliable througah the Government Pript]n Office,
Infarmation on the subscription servics and current GPO -p.-?m may
be obizined by Wﬂtllﬁ the LS. Muclear Reguislory Commilssion,
Washkington, DL, 20555, Attention: Publiatlons Sale Manager,

&, Products
7. Transportation




mansgement commitments and radiation protection pro-
grams that would help to achieve the objective of maintain-
ing occupational exposure: ALARA.

Regulatory Guide 3.5, “Standard Format and Content
of License Applications for Uranium Mills,” outlines the
information that applicants should include in 2n application
for a uvranfum mill Lcense, This regulatory guide describes
the details of an acceptable radiation protection and
ALARA program that an applicant showld describe as
recommended in Section C.5, “Operations,” of Regulatory
Suii. 3.5,

C. REGULATORY POEITION

The prnociples and practices presented in this guide
should be used as guldance in developing the radiation
protection and ALARA program for 2 uranium mill for
appropriate sections of an application* for & new or renew-
gl license, The recommendations of this guide are intended
to assist applicants in preparing license applications that are
acceptable te the NWRC licensing staff and are consistent
with the philasophy of ALARA, Unique features not
sddressed here will be specifically reviewed by the NRC
licensing stafi.

A Ncensee's program for occupational protection against
uranium end its daughters will be considersd consistent
with the ALARA philosophy if the uraniurm mill’s epemt-
ing policies and programs satisfy the following major
principles and practices.

1. ALARA PHILOSOFHY

A major purpose of the oceupational radiation protec-
tion progeam at & uranium mill is to maintain radiation
exposure ALARA for all employees, contractors, and
ViSitoers.

The implementetion and effectiveness of a suecessful
ALARA pregram is the responsibility of everyone involved
in the processing of urandum ores. Responsibilities for
conducting a radiation protection end ALARA program are
shared by lieensee manapement,®® the radiation safety
officer (RS0, *** and ail mill workers.

1.1 Licensee Management

Licensee maragement is responsible fer developing,
implementing, and enforcing the rules, pobicies, and

*hn “?Jjﬂﬁun and a suggested format for fa W‘Trple’l‘.ll:ﬂ may
be cbiained from the Leenaing staf! of the Divialon of Waste Mamge-
ment, Office of Nuzlear Matenal Ssfety and Safeguards, U5, Hudear
Regulatory Commission, Washingten, D.C. 20553,

b e napement™ 5 defined here a3 thoss persons authorized by
the Licensse of record to make palicies and o direct nctivities of the
recovery Macility.

##4The fitle "sadiation safely officer™ is wsed srnmimnuaj:y
with “radintion protection menaget" by many Lcensees and will be
wed in this guide to designate the gquabified individual who &
respomsibie for developlng mnd supervising the radiatlon safety
program; other titles are equally acceptable.

procedures necessary for an effective radiation protection
and ALARA pregram to ensure the health end safety of
WOTKETS,

Licensee management should provide the following:

1. A strong commitment to and continuing support for
the development and implementation of the radiation
protection and ALARA program;

2. Information and policy statements to employess,
sz=isdsfess, s=d idaiineg)

3. A periedic management audit program that reviews
procedural znd operational efforts to maintain exposures
ALABRA;

4, Continving management evaluztion of the health
physics program, its stafl, and fts allecation of adequate
space and money;

5. Appropmiate briefings end training in radiation safety,
{ncluding ALARA concepts for all uranium mill employees
and, when appropriate, for contractors and visitors.

1.2 Radiation Safety Officer

The radiation safety officer (RS0) has primzry respon-
sibility for the technizal adequacy and correctness of the
radistion protection and ALARA program and has continu-
ing responsibility for surveillance and supervisory action in
the enforcement of the program.

The radistion safety officer should be assigned the
following:

1. Major responsdbllity for the development and admin-
istration of the radistion protection and ALARA program;

2.  Sufficient authority to enforce regulations and
administrative policies that affect any aspect of the radico-
logical safety program;

3. Responsibility to review and approve plans for new
equipment, process changes, of ¢changes in aperating prace-
dures to ensure that the plans do not adversely affect the
protection program against uranjum and its daughters;

4, Adequate eguipment and laboratory facilities to
monitar relative attainment of the ALARA objective,

1.3 Mill Workers

Because 2 radiation protection and ALARA program is
only as effective 25 the wotkers' adherence to the program,
all workers at the mill should be responsible for the
following:

1. Adhering to all rules, notices, znd operating proce-
dures for radiation safety established by licensee mansge-
ment and the RS0O;
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2.  Reporting promptly to the RSO and leensee
management equipment malfunctions or viclations of
standard practices or procedurss that could result in
increased radiological hazard to any individual;

3. Suggesting improvements for the radiation protection
and ALARA program.

2. HEALTH PHYSICS ORGANIZATION AND ADMIN.-
ISTRATIVE PROCEDURES

2.1 Health Physics Authorities and Responsibilities

The radiation zafety officer at the mill site should be
responsible for conducting the health physes program and
for assisting the resident manager in ensuring compliance
with NRC"s regulations and the license conditions applica-
ble to worker heaith protection.

Generally, the RSO should report directly to the resident
manager on matters of radistian safety. The RS0 should be
directly responsible for supervising the health physics
techniclans, for overseelng the day-to-day operation of the
health physics program, and for ensuring that records
required by the NRC are maintained. The R30 should have
both the responsibility and the authority, through appro-
priate line management, to suspend, postpone, or modify
any work activity that is unsafe ar potentially a violation of
the Commission’s regulations or license conditions, including
the ALARA program. It is recommended that management
delegate this responsibility and authority directly to the
RS0, The RS0 may heve other safety-related duties, such
as responsibility for programs of industrial hygiene and fire
safety, but shovld have no direct production-related
responsibility.

2.2 Operating Procedures

Written standard operating procedures should be estab-
lished for all activities that involve handling, processing, or
storing radioactive materials. Al such procedures should
include consideration of pertinent radiation safety practices.
Writien procedures should alse be established for such
gctivities a5 health physict monitoring, sampling, analysis,
and instrument calibration. An up-to-date copy of each
written procedure, including sccident response and radio-
logical fire protection plans, should be kept accessible to all
employees. All written procedures involving radioactive
material control should be compiled in & manual that allows
documentation of each revision and its date.

To ensure that proper radiation protection principles are
being applied, written procedures for all activities should be
reviewed and approved in writing by the R8O before being
implemented and whenever a change In a precedure Is
proposed. In addition, the RSO should review all existing
operating procedures at least snnually to ensure the
procedures do not vielate any newly established radiation
protection practices.

For work on nontoutine maintenance jobs where the
potential for exposure to radioactive material exists and for
which no standard written operating procedure already
exists, & radiation work permit (RWP)* should be used.
Such permits should describe the following:

1. The details of the job te be performed,

2. Amy precautions necessary to reduce exposure to
uranium and its daughters,

3. 'The radiological monitoring and sampling necessary
before, during, and following completion of the job.

The RSO should indicate by signature the review of each
REWP prior to the inftistion of work, and the work should
be carried out in strict adherence to the conditions of the
EWP, The RSO should designate a member of the radiation
safety office staff or a supervisory member of the produc-
tion staff who has received gpecialized radiation protection
training to review and sign RWPs when the RSO is not
available, £.g., during off shifts.

2.3 Suarveillance: Audifs and Inspections

It has been cobserved repeatedly that, if sufficient
management interest exists, exposure to hazardous materiale
is reduced. Freguent management audit and inspection of
worker health protection practices at a uranium mill can
serve to provide management with the information necessary
to conduct an appropriate ALARA program.

2.3.1 Daily and Weekly Inspections

The RS0 and the mill foreman should conduct a weekly
inspection of all mill areas to observe general radiation
contral practices and review required changes in procedures
apd eguipment. The RSO or designated health physics
technician should conduct a daily walk-through (visual)
inspection of all work and storage areas of the mil to
ensufe proper implementation of good radiation safety
procedures, including pood housekeeping and cleanup
practices that would minimize unnecessary contamination,
Problems observed during all inspections should be noted in
writing in an inspection legbook. The entries should be
dated, signed, and maintained on file for at least 1 year.
The RS5O should review all violations of radiation safety
procedures or other potentially harardous problems with
the resident manager or other mill employees who have
authority to correct the problem. Also, the RSO should
review the datly work-order and shift logs on a regular basis
to determine that all jobs and operations having a potentizl
for exposing personnel to wranium, especially thoss RWP
jobs that would require a radiation survey and monitoring,
were approved in writing by the RS0, his staff, or designee
prios to initiation of work,

*The term “radiation work permit™ i3 used by many licensees
and will bs wied thr::lihuul this i other termu such as “special
work permit™ are equally accepiable.
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2.3.2 Monthly Reviews

At least monthly, the RSO should review the resuits of
daily and weekly inspections, including & review of all
monitoning and exposure daia for the month, The RSO
should provide to the resident manager and 2ll department
heads for their review a written summary of the month’s
significant worker protection activities containing (1) a
summary of the most recent personnel exposure dats,
includmg bicassays and time-weighted calculations, and
{(2)a summary of all pertinent radiation survey records.

In addition, the monthly summary report should specifi-
cally address any trends or devistions from the radistion
protection and ALARA program, including an evaluation of
the adequacy of the implementation of license conditions
regarding radiation protection and ALARA. The summary
should provide a description of varesolved problems and
the proposed corrective measures. Monthly summary
reports should be maintained on file and readily accessible
for at lesst & yvears,

2.5.3 Radwtion Protection and ALARA Program Audit

Licenses management should have annuzl zudits of the
radistion protection and ALARA program performed and
written reports on the andits submitted to corporats
management, Al members of the audit team should be
knowledgeable concerning the radiation protection program
at the mil. In addition, one member of the team should be
experienced in the operstional aspects of speclalized
wranium mil radistion protection practices, The RSO
should accompany the audit team but should not be a
memiber,

The audit report should summarize the following data:

1. Employee exposure records {extemal and time-
weighted caleunlations),

2. Bioassay results,

3. inspection log entries and summary reports of daily,
weekly, and monthly inspections,

4, Documented training program activities,

5. Radiation safety mecting reports,

&. Radiological survey and sampling date,

7. Reports on overexpoasure of workers submitted to
MRC, Mine Safety and Hezlth Administration (MSHA), or
States,

§. Operating procedures that were reviewed during this

tume period.

The report on the annual redistion protection and
ALARA sudit should specifizally discuss the fellowing:

) B

1, Trends in personnel sxposures for identifiable cate-
gories of workers and types of operational actiwaties,

2. Whether equipment for exposure contrel @8 being
propecly vsed, maintained, and inspected,

3. Recommendations on ways to fusther reduce person-
nel exposures from uraninm and its daughters.

2.4 Technical Quslifications of Health Phyaics Stafl
2.4.1 Radiation Sefety Officer

The RSO should have the following education, training,
and experience:

1. Education: A bachelor's degree in the physical
sclences, industrial hyglene, or engineering from an
sccredited college or university or an equivalent combina-
tion of fralning and relevant experence in vranivm mill
radiation protection, Two years of relevant experience are
generally considered equivalent to 1 year of academic
study.

2. Health physics experence: At least 1 year of work
experience relevant to uranium mill operation in applied
health physics, radiation protection, industrial hygiene, or
similar work. This experience: should invelve actually
working with radiation detection and measurement equip-
ment, not strictly administrative or “desk™ work,

1, Specialized training: At least 4 weekes of specialized
classroom training in health physics specifically applicable
to urpnium milling. In addition, the R50 should attend
refresher training on uranium mill health physics every 2
years,

4, Specialized knowledge: A thorough “knowledge of
the proper application and use of all health physics equip-
ment used in the mill, the chemieal and analytical proce-
dures used for radiological sampling and monitoring,
methodelogies ussd to caleulate personnel exposure to
irraninm ind 15 Aanehtnm and A aiAdEh Inﬂimﬂliﬂll il
the urzmitm process and equipment used in the mill
gnd how the hazards are generated and controlled during

the milling process,
2,42 Health Physics Technicians

In addition to the RS0, there should be a minimum of
one full-time health physics technician at any full-scale
operating uraninm mill. The health phylics technician
should have onc of the [cllowing combinations of educa-
tion, training, and experience:

1. Education: An associate degree or 2 Or more years
of study in the physical sciences, engineering, or a health-
related field,

Training: At least a total of 4 weeks of generalized
training {up to 2 weeks may be on-thegob training) in
radiation health protection applicable to uraniom mills,

-
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Experience: One year of work experience using

sampling and analytieal laboratory procedurss that involve

ealth physies, industrial hygiene, or jndusirial safety
measures to be applied in & uranium mill; or

2. Edueation: A high school diploma,

Training: A total of at Jeast 3 months of specialized
trainirg (up to 1| month may be on-thejob u}inlu;} in
radiation health protection relevant to uranivm mills,

Experience: Two years of relevant work experience
in applied radiation protection.

The health physics technician should demonstirate a
working knowledge of the proper operation of health
physics instruments used in the mill, surveyingand sampling
techniques, and personnel dosimetry requirements.

2.5 Radiation Safety Training

All new employees should be instructed by means of an
established course in the inherent risks of exposure to
radistion and the fundamentals of protection against
exposure to uranium and its daughters before beginning
their jobs, Other guidance pertinent to this course is found
in Regulatory Guide £,13, “Instruction Concerning Prenatal
Radiation Exposure,” and Repulatory Guide 8,29, “Instruc-
tion Concerning Risks from Occupational Radiation Expo-
sure."” This course of instruction should include the follow-
ing topics:

1, Fundamentale of Health Protection

2. The radiologic end toxic hazards of exposure to
wranium and its deughters,

b. How wranium and its daughters enter the body
{inhalation, ingestion, and skin penetration),

c. Why exposures to uranium and its deughters
should be kept as low as is reasonably achievable
{ALARA)

2, Persona! Hygiene at Uranium Mills

&, Wearing protective clothing,

b. Using respirators comectly,

¢. Eating, drinking, and smoking only in designated
areas,

d. Using proper methods for decontaminztion (i,
showers),

3, Facility-Frovided Protection
2, Ventilation systems and effluent controls,

. Cizanliness of the work place,

¢. Festures designed for radiation safety for process
equipment,

d. Standard operating procedures,

e, Security and access control to designated areas.
4, Health Protection Measurements

a, Measurement of airborne radicactive materials,

b, Bicassays to detect uranium (usinalysis and in vive
counting), o

€. Surveys to detect contamination of personnel and
equipment,

d, Personnel dosimetry,

5, Radiation Protection Regulations
2. Repulatory suthority of NRC, MSHA, and State,
b, Employee rights in 10 CFR Part 1%,

¢. Radiation protection reqguirements in 10 CFR
Part 20.

&. Mill Emerzgency Procedures.

A written or oral test with questions directly relevant to
the principles of radistion safety and health protection in
uranium milling covered in the training courss ghould be
given to each worker, The instructor should review the test
results with each werker, The instructor should discuss any
wrong answers to test questions with the worker until the
worker understands the correct answer, Workers who fail
the test should be retested after receiving additional training.
These tests and results should be maintained on fie.

Eazch permanent worker should be provided an abhre-
viated retraining course anaudlly. Documented successful
completion ol the reffauung cOUrse sNoWid Ao De mam-
tained on file, Retraining should include relevant informa-
tion that has become available during the past year, 2
review of safety problems that have arisen during the year,
changes in regulations and license conditions, exposure
trends, and other current topics.

In addition, all new workers, including supervisors,
should be given specialized instruction on the health and
radiation safety aspects of the specific jobs they will
perform, This Instruction should be in the form of individ-
walized on-the<job training. Supervisors should be provided
additional specialized training on their supervisory respon-
sibilities in the area of worker radiztion protection. Retrain-
ing shotld be conducted annually and documented, Al
employees should sign a stztement that they received job-
specific radiation safety training. The statement should
indicate the dates the training wes received and it should be
cosigned by the instructor. Radwiguon safety matters of
concern that arise during plant operation should be discussed
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with 2all workers during regular monthly or bimonthly
safety meetings,

All visitors who have not received training should be
escorted by someone properly trained and knowledgeable
ghbout the hazards of the mill. At 2 minimum, visitors should
be instructed specifically on what they should do to avoid
possible hazards in the areas of the mill they will be visiting,

Contractors having work assignments in the mill should
alsp be given sppropriate training and safety instroction.
Contract w who & =
oninated iz i ) PESIR Yk on heay eon
radiation safety instruction normally required of sll perma-
nent workess, Only job-specific radiation safety instruction
Is mnecessary for contract workers who have previously
received fell training on prior work sssignments at the mill
or have evidence of recent and relevent radistionm safety
training elsewhere.

26 Surveys

The BRSO and radiation safety office staff are responsible
for performing all rewtine and special radiation surveys as
required by license conditions and by 10 CFR Part 20.
Acceptable survey methods are specified in Section C.1
of Regulatory Guide 8,30, “Health Physics Surveys in
Uranium Mills,”

2.7 Respiratory Protection

The RS0 and the radiation safety office staff ars respon-
gible for the implementation of 2 respiratory pretection
program, if one is needed, There should be adeguate
supplics of resplratory devices to enzble issuing & devies
to each individual who enters an aitborne radioactivity area.
Additional respiratory protection devices should be located
mear sccess points of airborne radioactivity areas, Al
aisborme radipactivity areaz should have controlled access,
Routine physical (medical) evaluation should be required of
those individuals who will use fespirators, If the licensee
elects 1o take credit for protection factors the resplratory
protection propram must meet, st @ minimum, the require.
ments of § 20,103 of 10 CFR and should follow the
recommendations in Regulatory Guide 8,15, “Acceptable
Frograms for Respiratory Proteetion,” which are supported
in NUREG-0041, “Manusl of Respiratory FProtection
Against Afrborne Radioactive Materials” (Ref, 7).

2.8 Bioassay Procedures

The RSO is responsible for Implementing a bioassay
program, The frequency sdopted and the type of analysis
should meet the recommendations in Regulatory Guide 8,22,
“Bioassay at Uranium Mills.™

3, FACILITY AND EQUIFMENT DESIGN

General considerations for the desipn of urenium mdlls
and uranivm ore processing equipment should not be based
solely on chemical process efficlency, but should alse be
based on the relative potential for rediolopic and toxic

hazards resulfing from expbsure of personnel to uranium
and its daughters, Major aspects of planning and design that
should be considered are discussed below.

3,1 Space Layout

Facility lavout should be designed to meintain employes
exposures ALARA while at the same time ensuring that
expasure to other persons is not thereby increzsed, The mill
layout should provide for:

i;t gafe ggress 19 process equipment and for routine

MaInicnance;

2, Adequate ventilation in gll mill areas in which radio-
golive materials might be spilled, suspended, or volatilized;

3. Isolation of yellowcake drying, packaging, znd
shipping areas from other accessible mill areas;

4. Controlling access to the wramium mill proper and
the ability to secure or restrict emtry to any airbome
radioactivity area;

&, Change rooms and shower facilities so that all workers
can pemove any possible radioactive contamination before
leaving the gite;

&. Dispersion control on fadicactive materials moving
from contamination areas {e.g., crushers) to relatively
contamination-free areas (e.g., crusher control reom);

T, Isolation of mill areas where there is 2 hiph poten-
tial for the dispersal of uranium as the result of a fire,

3.2 Access Control

Acecess to airborne radioactivity areas thould be controlled
or restricted by the use of caution signs and operaticnal
procedures, or security locks when permitted by firs
protection regulations,

3.3 Ventilation Systems

To the extent practicable, the facility ventilation systems
should accomelish the following:

1. As a minimum design objective, provide local exhaust
ventilation (such as chemical hoods) or peneral area ventila-
tion where concentrations of natural vranivm and its
daughters may be present in excess of 25% of the values
given in Table 1 of Appendix B 1o 10 CFR Part 20.* The
design ventilation rate {air exchange rate) should be suffi-
gient to maintain airborne concentrations of natural uranium
and its daughters to less than 25% of the masimum permis-
sikle concentration (MPC) given in Table | of Appendix B
to 10 CFR Part 20.

T *The figure 255 b wied nere to encoursge the use of ventilation
sysiems mﬁhzr process contrels in an effort 1o prevent the exus-
o e iy ey s bttt o § 30780 e
;:ﬁghm, use pIOEess of other engineering Wnirﬂ:., ta the extent

practicsble, to Limit concentrations of radiosctive matecizls in axr to
gelow those which delimit an alrborne radicacstivity area....”
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2. In addition, establish a facility-specific, cperational
ALARA poal for concentrations of natural uranium and its
daughters at less than 255 of the velues given in Table 1 of
Appendix Bto 10 CFR Part 20.

3, Desipn exhaust stacks so that exhausted alr will
not enter air intakes that service any other mill areas,

4, Locate exhaust vents in a way that ensures compli-
ance with the reguirements of § 20,108, “Radicactivity in
effinents to unrestricted areas,” of 10 CFR Pari 20, and
40 CFR, “Protection of Environment,” Fart 190, “Environ-
mental Radistion Standards for Nudlear Power Operations,”
for effluents to wnrestricted arezs, as well a8 ALARA
exposure considerations for the worker.

3.4 Fire Control

Because of the potential for loss of control of radioactive
tmaterial in the event of a fire, & facility should have adequate
firefighting equipment and workers should be trained in its
PIOpeT use,

Provisions showld be made for fire alarms, fire extin-
guishers, sprinkler systems, fire hydrants, water tanks, and
ather general firefighting equipment. Emergency procedures
and training should inecluds immediste firc control as @
priority item, Design features should includs avtomatic fire
detection and suppression equipment in high fire-potential
gress (e.p., solvent extraction area). In the event of fire,
there should be provision for drainage of solvent to sumps
or to outside lined ponds. Appropriate caution signs should
be posted in areas of fire hazard, Fire detection systems
should be checked weekly. Fire drills should be petformed
at least semiznnually.

3.5 Lsboratory Diesign Features

Consideration should be given to providing diffesent
laboratory facilities for metallurgical and bicassay analyses,
if they are both performed at the mill site. Owing to the
sensitivity required in performing bipassay analyses, pro-
vislons should be made to ensure against cross-contamination
of uranium from mill ore samples, Laboratory equipment
and surfzces should be constructed of materials that are
easily decontaminated, Laboratory surfaces used for the
preparation of bicassay samples should be decentaminated
daily to less than 200 dpm o100 em?® of total surface
contamination. All mill laboratories should provide adeguate
general ventilation and exhaust fume hoods, Special atten-
tion should be directed to the design of air exhaust systems
that service ore sample pulvenizing and grinding equipment.
The design of the laboratory should provide for the safe
handling, storage, and disposal of fadioactive wastes resulting
fram sample analyses.

3.6 Ore and Product Storage
Uranium mill plans should include the following:

1. Provistons for raw ore storage, fine ore bing, and
yelloweake storage i areas so that the materal dos=s not
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gause unnecesmary exposure to mill personnel and so that
material is not dispersed by wind and rain;

2. Adeguate space in the yellowcake storage and
packaging areas to conduct initial surveys and spot smear
tests of yelloweake packages and to enable decontamination
of drums 1o avoid transporting a contaminated package
through other mill arcas;

3. Locations for yelloweake storage and shipping areas
that minimize the handling time required prior te shipment,

3.7 General Equipment Considerations

General features applicable to equipment that will be
used for handling, containing, or contacting uranium and its
daughters are as follows:

1, Equipment that contains large volumes of uranium
bezring liguids should be desipned with sumps or dikes to
contain the liguids in the event of leaks or spills;

2. Eguipment should be designed for optimum ease
of carrying out procedures, especially routine meintenancs,
te minimize working time where personnel are exposed to
radiation or radiozctive material, and to maximize distances
of personnel from the source of radiation with which they
are working;

3. Appropriate caulion &igns and symbols should be
provided to meet the requirements of § 20.203 of 10 CFR
Part 20, a5 discussed in more detail in Regulatory Guide §.30,
"Health Phyaics Susveys in Urardum Mille™:

4, The use of somizttopenois methods for grinding
ore iz recommended because of the significantly reduced
generation of airborne dusts.

4. CONTROL OF AIRBORNE URANIUM AND ITS
DAUGHTERS

One of the major inhalation hazards associated with
uranium milling facilitics results from the resuspension in
air of vranium and its dauwghters, Therefore, properly
designed ventilation and dist ¢ontrol systems are needed
to ensure that exposure of workers is maintained ALARA.
There zre, in general, four aress that present radislogic and
toxic hazards caused by eirborne materials at 2 typical
uranjuom mill. These arees encompass (1)eore storage,
handling, and crushing; (2)ore grinding, leaching, and
concentrating  processes;  {3) yellowsake precipitation,
drying, and packaging; and {(4) miscellaneous mill locations
as specified in Section 4.4, Appropriate design ohjectives
for ventilation and dust conirol systems recommended for
each of these generalized mill areas are piven below,

4,1 COre Storage, Handling, and Crushing Areas

Where ore 15 handied in the open, the objective should
be to minimize blowing of dust. Water sprinkling systems



are recommended for use on ore piles when the ore moisfure
content is less than 10%. If ore is crushed and transported
in the dry state (i.e., moisture content less than 25%), the
use of ventilatiom systems and dust collectors is recom-
mended. As ore travels along convevor belts to the grinder,
all drop points should have either hooded dust collectors or
dust suppressant systems, such as sprinklers or foam sjectors.
When eruzhers are used prior to grinding, it is recommended
that 2 hooded ventiation system be installed over ali
external openings to the erusher, The use of wet scrubbers
or dust collectors {3 recommended for ventilation systems
that service ore storage, handling, and crushing areas of the
mull to prevent recireulation of contaminated air,

4,2 Grinding, Leaching, and Concentrating Process Areas

General ventilation systems are recommended o service
mill areas where any grinding method i performed to
ensure against the buildup of radon-222 and its daughters
anct ore dust normally released in the grinding process. The
ventilation rate should be adequate to maintain the con-
ecentyations of radon-222 or its daughters and natural
uranium froim ore dust to less than 25% of the value speci-
fizd in Table 1 of Appendix B to 10 CFR Part 20 as modi-
ficd by the note to Appendix B. It is recommended that all
feaching and thickening tanks located in enclosed structures
be eovered pnd vented direcily to the outside atmasphere,
General ventilation systems for mill areas where leaching
gnd thickening tanks are located should be designed to
maintain natural urenium ore dust concentrations in air at
less than 19,0 gg/m> of uranium. If the mill is so designed
that the sclvent extraction (5X) concemtration process
equipment is in enclosed structures, a peneral ventilation
system b recommended and should be designed to maintain
the sirborne natural uranium concentration in air o less
than 50 pgfm? of uranium er 2.5 x 101" pCifem® (Le.,
255 of the MPC for rmatural wranium), The use of wel
scrubbers on gpeneral ventilation systems that service arsas
of the mill where prinding and Jesching equipment are
located 13 recommended. Scrubbers are nol necessary om
ventilation systems that service arcas of the mil where
the clanfication or solvent extraction equipment is located.

4.3 Precipitation, Drying, and Packaging Areas

Gensral ventilation systems are required and should be
desipned to maintain the coneentration in gir of yvelloweake

near precipitation tanks, yellowcake thickensrs, yelloweake
filters, amd yellowceke repulp equipment to less than
50 pg/m® of wenium in air or 2.5 x 10°!? pCifem? (e,
25% of the maximum permissible eoncentration). The next
step of the recovery process involves the drying and packag-
ing of yellowcake, Sinee the potential for the release of
airborne yellowcake i mueh greater In dry form, it is
recommended that drying and packaging of yellowcake
should be performed in an enclosure that is separated from
other areas of the mill. Alss, the drying and packaging
enclosure should be maintained wnder negative pressuze, A
separate air suction ring system should also be used at each
yelloweake drumming station. Individual suction ring
systems nesd only be oprrated during periods when the
drum at that location is being filled, The exhausts for the
drying and packaging enclosure and the suction ring should
be vented throwgh a wet scrubber. To ensure proper opera-
tion, the scrubber system on the concentrate drying and
packaging ares should be checked every shift and docu-
mented, or sutomaztic malfunction glarm or interlock
systems installed. Manometer readings or operational and
instrument checks should be recorded onee per shift and
subsequently documented,

4.4 Miscellaneous Locations

Gther important areas of the mill that have the potential
for containing hagardous levels of uraniem and its daughters
in air include maintenance shops, rubber shops, metallurgical
and bicessay laboratories, and general laundries, if they exist.
Each of the gbove mill areas showld be serviced by ventilation
systems designed to maintain air concentration of natural
uranium and its daughters to less than 56 pgfm? or 2.5 x 1071
pﬁfnm’ of uranium, Wet scrubbers are not necessary on
these systems, however, bag filters are recommended,

D. IMPLEMENTATION

Except in those cases in which an applicant or Licensee
proposes an acceptable aliernative method, this guide #nd
Regulztory Guide 3.5, “Standard Format and Content of
License Applications for Uranium Mills™; Regulatory
Guide 8.15, “Acceptabls Programs for Respiratory Protee
tlon™; Regulatory Guide 8.22, “Bioassay at Uranium Mills™;
and Reswlatorv Guide .30, *Health Physies Surveys ir
Uraniwm Mills,” will be used as the basls for evaluating
license applications and radiation safety and ALARA
programs of MRC-licensed uranjum mills.
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VALUE/IMPACT STATEMENT

\) 1, PROFOSED ACTION

1.1 Description

Applicents for a uranium milling license must submit =
ficense application containing the information specified in
Regulatory Guide 3.5, “gtendard Format and Content of
Lizense Applications for Uranium Mills.,” The purpose of
this action is to deseribe both administrative health physics
proprams and methods to achieve ALARA ocrupational
exposure to workers that are acceptable to the NMRC staff,
Health physics Programs are covered in SectionC.§, “Opera-
tions,” in Regulatory Guide 3.5.

1.2 Need for the Proposed Action

Currently, licensees are uncertain what the NRC staff
will accept in the way of a heslth physics and ALARA
program or procedures and design featurss needed to
achieve ALARA exposures in a wranjum mill. As & conse-
quence, a wide variety of programs are subemitted. To meet
minimum standards, much correzpondence between the
applicant and NRC iz required. A guide will reduce the
amount of correspondance needed, save personne] resources
for both NRC and the applicant, show clearly how NRC
regulations epply to uranium mills, and establish a uniform
standard for an acceptable health physies and ALARA
program for worker protection,

1.3 Value/lmpact of the Actlon
1.3.1 NRC

The Impact of the guidanee will be pnmarily to reduce
licensing staff effort in reviewing applications and in
corresponding  with  zpplicants ghout zreas where the
application doss notl meel current NRE licensing reguire-
ments. An estimated 0.75 staff-year iz requnred to develop
the guide,

1.3.2 Other Government Agencies

The guidanee wili impact on the Mine Safety and Health
Administration (MSHA) because they alen regulate oroupds
tional health protection st uranium mills and on Agresment
State repulatory agencies that regulate mills, primarily
Mew Mexico, Colorade, Texes, Washington, and Flerida, A
Memorandum of Understanding (MCU) signed by NRC and
MSHA states that each agency will coordinate the develop-
ment of standards with the other agency. The MOU was
published inthe Federal Register (45 FR 1315) on January 4,
P9850,

1.2.3 Industry
Industry will benefit from Having clear guidance on what

constitutes NRC Dicensing policy. Some niifor eXpenss may
be involved, however, in upgrading current health physics

programs and in establishing an effective ALARA program
where one doe2 not currently exist to mest the recom-
mendations i the guidance.

1.5.4 Workerz

Workers' protection should improve from having clearly
stated and consistent standards for health physics and
ALARA programs. Workers and their representatives will
now have asccess to 2 clearly defined standard ALARA
program for uranium mills, This will help them understand
whether their employer has an adequate program end why
some things are done as they are.

1.3.5 Fublic

The guldance pertains {0 workes protection programs. It
will not directly affect the publie.

1.4 Decision

The NRC should publish guidance on a standard admin-
istrative health physies and ALARA program for wotker
protection that is acceptable to the WRC lLicensing staff.
2, TECHNICAL AFFROACH

The technical spproach in the guidance is based on (1)
MRC Ueensing policy as expressed in Safety Ewaluation
Reports (SER) written by the NRC licemsing staff, espe-
cially the recent SER Tor Minerals Exploration Company
Sweetwater Uranium Project, and (2) other references to be
cited [n the guidance,
3. FROCEDURAL APFROACH
3.1 Frocedural Alternatives

The three reasonable procedural slternatives are as
fallows:

a, Regulation,
b. Repulatory guide,
¢. Continue to handle each licensing application on a
case-hy-case basis
3.2 Yalue/lmpact of Procedural Alternstives
A regulatien is moet suitable for the type of puidance
envitioned because some of the program must be tailored to

the dengn and needs of the individual mill,

A regulatory guide is recommended since it prevides the
best mix of flexibility and clear statement of a uniform and

consistent icensing policy.

8.31-10



3.3 Decision on Procedural Approsch

The stall concludes TNAT & [CEWANY EwWus siwuid
published,

- 4, STATUTORY CONSIDERATIONS

Authority for this guide is derived from the Atomic
Energy Act of 1954, as amended, and the Enesgy

Recrganization Act of 1974, as amended, through the
Commission’s regulations.

5. CONCLUSION

in summary, it & proposed that a regulatory guide should
be published concerning radiation protection and ALARA

programs in uranium mills for worker protection.
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